
Monatshefte fiir Chemic 115, 565 571 (1984) 
Monatshefte fiir Chemie 
Chemical Monthly 

© by Springer-Verlag 1984 

The Preparation of 5-(2-Aminophenyl)-l,3,4-oxadiazole- 
2(3//)-one and Its Rearrangement to 3-Amino-2,4(1H,3H)- 

quinazolinedione 

John S. Davidson 

North East London Polytechnic, London E 15 4LZ, England 

(Received 8 June 1983. Accepted 4 October 1983) 

When anthranilic acid hydrazide is reacted with 1, l'-carbonyldiimidazole in 
THF 5-(2-aminophenyl)-1,3,4-oxadiazole-2(3H)-one (4) is formed. I t  can also be 
prepared from 1-o-aminobenzoyl-4,4-dimethylsemiearbazide which eliminates 
methylamine when boiled with DMF. On heating the 5-(2-aminophenyl)-l,3,4- 
oxadiazole above its melting point it rearranges to 3-amino-2,4(1H,3H)- 
quinazolinedione (5). 

(Keywords: 3,4-Dihydro-lH-1,3,4-benzotriazepine-2,5-dione; Oxadiazoles) 

Die Darstellung yon 5-(2-Aminophenyl)-l,3,4-oxadiazol-2(3H)-on und dessen 
Umlagerung in 3- A mino-2 ,4 (1H ,3 H ) -chinazolindion 

Bei der Reaktion yon Anthranils/~urehydrazid mit 1,1'-Carbonyldiimidazol 
in THF wird 5-(2-Aminophenyl)-l,3,4-oxadiazol-2(3H)-on (4) gebildet. Dieses 
kann auch aus l-o-Aminobenzoyl-4,4-dimethylsemiearbazid dargestellt werden, 
welches beim Kochen mit DMF Methylamin eliminiert. Beim Erhitzen yon 5-(2- 
Aminophenyl)-l,3,4-oxadiazol fiber seinen Schmelzpunkt tritt Umlagernng zu 
3-Amino-2,4(1H,3H)-chinazolindion (5) tin. 

Recen t ly  l, 2 it was found  t h a t  anthani l ic  acid hydraz ide  reacted with 
1,1 ' -carbonyldi imidazole to afford a c o m p o u n d  CsH7N302 (4), m.p. 
175-176 °. The melt  soon resolidified as the  isomeric 3-amino- 
2 ,4(1H,3H)-quinazol inedione  (5) was formed.  At  first the compound,  
m.p. 175-176 °, was considered to  be 3 ,4-d ihydro- lH-1 ,3 ,4-  
benzotr iazepine-2,5-dione.  Then  it was suggested 3, on spectroscopic 
evidence, t h a t  it was 5-(2-aminophenyl)- l ,3 ,4-oxadiazole-2(3H)-one,  
and this s t ruc ture  has now been verified by  prepar ing  4 b y  reduct ion  of  
5-(2-ni t rophenyl)- l ,3 ,4-oxadiazole-2(3H)-one.  
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Cases are, however, known where substi tuted anthranilie acid 
hydrazides react with carbonyldiimidazole to give 3,4-dihydro-lH- 
1,3,4-benzotriazepine-2,5-diones or 3-amino-2,4(1H,3H)-quinazoline- 
diones. 

Thus l-(o-aminobenzoyl)-l-methylhydrazine ~ reacts with 1,1'- 
carbonyldiimidazole to afford 3,4-dihydro-4-methyl- 1 H- 1,3,4- 
benzotriazepine-2,5-dione, and when 2-(o-aminobenzoyl)- 1- 
phenylhydrazine is t reated with 1,1'-carbonyldiimidazole 3-anilino- 
2,4(1H,3H)-quinazolinedione is obtained. 

I t  was found 6 that  when a solution of 2-dimethyl- 
carbamoylanthraniloylhydrazide (6) in dimethylformamide was boiled, 
methylamine was eliminated and 3-amino-2,4(1H,3H)- 
quinazolinedione (5) was formed. I t  has now been found tha t  1- 

F~CO~o 
x 

~N/cO 
R 

7 

I N H~ H20 

_~CONHNH2 

Z ~ NHR 

6 

N__NR 3 

0/cO 

NHR 

H2NNHCONR ~ 

COIm 2 
in THF 

3 

reflux in I DMF 

N--NH 

NHR 
4 

J mett 

X ._~"~C O "~I-N H 2 
~ N/CO 

R 
5 

T 
__~CONHNHC02 Et 

X ' V N H R  

8 7 



5-(2-Aminophcnyl)-l,3,4-oxadiazole-2(3H)-one 567 

an thrani loyl -4 ,4-d imethylsemicarbaz ide  (3), in boiling d imethyl -  
formamide,  cyelises to 5- (2-aminophenyl) - l ,3 ,4-oxadiazole-2(3H)-one  
(4). Heller ~ obta ined  5 by  heat ing 7 (R = H, X = H). I t  has now been 
found  t h a t  7 (R = Me, X = H) behaves  similarly. W h e n  7 was boiled in  
D M F ,  in an a t t e m p t  to prepare  4, unchanged  7 was recovered.  

All the  compounds  4 showed a s t rong C = 0  absorp t ion  near  
1 790 cm -1 whereas 5 absorbed at  1 730 e m - 1  and 1 650 cm -1. 

W h e n  5- (2-methylaminophenyl ) - l ,3 ,4-oxadioazole-2(3H)-one  (4f) 
was reacted  with sodium methoxide  and me thy l  iodide it afforded 3- 
methy l -5- (2-methy laminophenyl ) -  1,3,4-oxadiazole-2(3H)-one. 

The mechan i sm of the r ea r rangement  of 5-(2-aminophenyl)- l ,3 ,4-  
oxadiazole-2(3H)-one (4) to  3-amino-2 ,4(1H,3H)-quinazol inedione  (5) 
has no t  been studied. A recent  paper  9, however  repor ted  the ring 
opening of  oxadiazolones  by  a romat ic  amines and  recycl izat ion of  the 
p roduc t s  to quinazolinediones.  I n  the case of  4, the  s t ruc ture  includes 
bo th  an oxadiazolone ring and  an a romat ic  amino group. The 
r ea r rangement  was no t  observed in compounds  8, wi th  an alkyl  group on 
N3  of the  oxadiazolone ring. 

Experimental 
5-(2-Aminophenyl)-l,3,4-oxadiazole-2(3H)-ones (4) from anthranilic acid 

hydrazides and 1,1-carbonyldiimidazole 

The anthranilic acid hydrazide 2 (0.01 tool) was dissolved in THF (ca. 30 ml) 
and 1,1-carbonyldiimidazole (1.78 g, 0.011 tool) added. The mixture was heated 
under reflux for several hours. Then the bulk of the tetrahydrofuran was distilled 
off, and water added to afford the 5-(2-aminophenyl)-l,3,4-oxadiazole-2(3H)- 
one 4 which was recrystMlised from ethanol or aqueous ethanol (Table 1). 

3-Amino-2,4(1H,3H)-quinazolinediones (5 a~e) 

On heating above their melting points compounds 4 a~e rearrange to the 
corresponding 3-amino-2,4(IH,3H)-quinazolinediones (5a~) (Table 2) which 
were purified by washing the ground solid with isopropanol, and crystMlising 
from glaciM acetic acid. 

5 f  and 5g 

5-(2-Methylaminophenyl)-l,3,4-oxadiazole-2(3H)-one (4 f) is more stable, it 
can be recovered unchanged after being kept molten (190-200 ° ) for 30 minutes, 
but rearranges if heated to a higher temperature. When 4 f (2 g) was heated to 
240250 ° for 1 hour, the melt cooled, and the solid product reerystMlised from 
pyridine, it afforded 5f, 1.16g (58~), m.p. 241-242 ° (Lit. 5 m.p. 240~41°). 
Benzylidene derivative, m.p. 167-168 °. 

Similarly 4 g gave 1-ethyl-3-amino-2,4(1H,3H)-quinazolinedione (5 g) 
(55~o), m.p. 153-154 °, from ethanol (Lit. 1° m.p. 152-158°). Benzylidene 
derivative, m.p. 115-116 °. 

As compounds 4 h-l could not be isomerised without heating to destructively 
high temperatures they were not investigated further. 
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Table 1. 5-(2-Aminophenyl)-l,3,4-oxadiazole-2(3H)-ones (4) 

X R Yield (~o) m.p. (°C) Mol. formula ~ M + 

a H H 75 175-176 CsHTN302 177 
b 5'-C1 H 83 211-212" CsH6C1N~O 2 211 
e 4'-C1 H 87 219-221 CsH6C1N~O 2 211 
d 5'-Br H 87 220-221 CsH~BrN30 ~ 
e b 5'-Me H 60 191-193 CgHgN302 
fb H Me 86 187-189 CgHgNaO 2 191 
g H Et 95 174-175 CloH11N~02 205 
h H Ph 85 211-212 ° Cx4HllNsO 2 253 
i H m-CF~C6H ~ 50 179-180 C15H10F3N302 321 
j H PhCH 2 71 189-190 C15HlaN302 267 
k H PhCH2CH 2 64 146-147 C16H152q~02 281 
l H C6H H 86 165-166 C~H~N~O~ 259 

Analytical data (C, H, N) agree very well with calculated values. 
b NMt~ (in pyridine-ds): 4e 52.11 (3H, s, Me); 4f  52.73 (3H, d, Me). 
° This is the same compound as was described by Langis and Charest s. 1- 

Phenyl-3-amino-2,4(1H,3H)-quinazolinedione m.p. 239-240 ° was prepared by 
an unequivocal route (see text). 

Table 2. 3-Amino-2,4(1H,3H)-quinazolinediones (5) 

X Yield (~) m.p. (°C) Mol. formula ~ 

a H 86 293-2955 CsH~N302 
b 6-C1 73 311-313 CsH6C1N302 
c 7-C1 306-307 CsH~C1N302 
d 6-Br 82 304-306 CsHsBrN302 
e 6-Me 43 265-266 CgHgN302 

~ Analytical data (C, H, N) agree very well with the calculated values. 
b Lit.~ m.p. 291.5-293 °. 

1- P henyl-3-amino- 2 ,4 (1H ,3 H ) -quinazolinedione 

1-Phenyl-2,4(1H,3H)-quinazolinedione (1 g) was suspended in a solution of 
sodium hydroxide (lg) in water (25ml). Hydroxylamine-O-sulphonic acid 
(1.1 g) was added and the mixture kept with occasional stirring for a few days. 
The product was then extracted with hot ethanol, filtered from unchanged 1- 
phenyl-2,4(1H,3H)-quinazolinedione (0.25 g), and the ethanol solution cooled. 
The product was triturated with 5~  sodium hydroxide solution to remove any 1- 
phenyl-2,4(1H,3H)-quinazolinedione and then recrystallised from ethanol t o  
afford l-phenyl-3-amino:~2,4(1H,3H)-quinazolinedione (0.1g) as needles, m.p. 
239-240 ° (Found: C66.55, H4.24, N16.35, M+253. C14HllN302 requires 
C 66.39, H4.38, N 16.59~, M + 253). 
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1-Ethoxycarbonyl-2-o-methylaminobenzoylhydrazine (7 R = Me, X -- H) 

N-Methylisatoic anhydride was warmed with a solution of 
ethoxycarbonylhydrazine (Cfl l)  till evolution of carbon dioxide ceased. On 
cooling 1-ethoxycarbonyl-2-o-methylaminobenzoylhydrazine (35~), m.p. 
168-169 ° (Found: C 55.59, H 6.44, N 17.65. CllH~sN303 requires C 55.68, H 6.37, 
N 17.71~) was obtained. This was heated to 230-245 ° for 45 minutes, cooled, the 
solid product washed with ethanol and then recrystallised from ethanol to give 1- 
methyl-3-amino-2,4(1H,3H)-quinazolinedione (66~), m.p. 240-241 °. 

Similarly 6-chloroisatoic anhydride reacted with ethoxycarbonylhydrazine 
to afford l-ethoxycarbonyl-2-(2-amino-5-chlorobenzoyl)hydrazine (70~), m.p. 
154-155 ° (Found: C46.79, H4.70, N16.27. CloHleC1NaOs requires C46.61, 
H4.69, N16.31~) which on heating eliminated ethanol to give 3-amino-6- 
chloro-2,4(1H,3H)-quinazolinedione, m.p. 309310 ° (Found: C45.61, H2.86, 
N 19.42. CsH6C1N302 requires C 45.41, H 2.86, N 19.86~o). 

1- A minobenzoyl-4 ,4-dialkylsemicarbazides 

4,4-Dimethylsemicarbazide was obtained as described by Vogelesang TM. 
Similarly diethylcarbamoyl chloride was reacted with hydrazine hydrate to 
afford 4,4-diethylsemicarbazide as an oily liquid [benzylidene derivative m.p, 
133-134 ° (Found: C 65.77, H 7.88, N 19.31, CIeH17N30 requires C 65.73, H 7.81, 
N 19.16~o)] which was used without further purification to prepare 3 (R ~ -- Et). 

1-o- A minobenzoyl-4,4-dimethylsemicarbazide (3) 

Isatoic anhydride (8.15g, 0.05tool) was suspended in ethanol, 4,4- 
dimethylsemicarbazide (5.4 g, 0.052 tool) added, and the mixture warmed till no 
more carbon dioxide was evolved and nearly all the solid had dissolved, filtered, 
and water added to the filtrate to give 3 (8.8g, 79~), m.p. 171-172 ° (Found: 
C 54.16, H 6.36, N 25.01. C~oH14N402 requires C 54.04, H 6.35, N 25.2l~).  :NMR 
(p.p.m.) 52.90 (6H, s, M%). 

MS (m/e): M + 222 (23%), 177 (14), 120 (100), 92 (12), 72 (18). 
The other 1-aminobenzoyl-4,4-dialkylsemicarbazides were prepared 

similarly (Table 3). In  each case the M + peak was observed in the mass spectrum 
as well as peaks corresponding to (M+--R2NH) and (R2NCO)+. 

Similarly 4,4-diphenylsemicarbazide reacted with 6-chloroisatoic anhydride 
to afford 1-(2-amino-5-chlorobenzoyl)-4,4-diphenylsemicarbazide, felted 
needles from aqueous methanol, m.p. 117-118 ° (Found: C 62.92, H 4.44, N 14.86, 
M + 380. C2oH17C1N402 requires C 63.08, H4.50, N 14.71~, M + 380). 

5-o- A minophenyl-l ,3 ,4-oxadiazole-2 ( 3 H ) -one ( 4 a ) f r o m  1-o-aminobenzoyl-g,4- 
dimethylsemicarbazide (3) 

1-o-Aminobenzoyl-4,4-dimethylsemicarbazide ( l . l l  g, 0.005 tool)  was 
dissolved in dimethylformamide (11 ml) and the mixture heated under reflux for 
2 hours, cooled somewhat and water (50 ml) added. The mixture was then cooled 
in an ice bath for 1 hour and the 5-o-aminophenyl-l,3,4-oxadiazole-2(3H)-one 
filtered off (0.62 g, 70~), needles from aqueous ethanol, m.p. 174-175 ° (Found: 
C 54.59, H 4.12, N 24.0. CsH7NaO 2 requires C 54.23, H 3.98, N 23.72~). The m.p. 
was not depressed on admixture with 4 a and comparison of the infra-red spectra 
confirmed the identity. 

MS (m/e): (M + + l) 178 (10~), M + 177 (100), 146 (66), 120 (98), 93 (12), 92 
(25), 90 (12), 65 (17). 
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Table 3. 1-o-Aminobenzoyl-4,4-diallcylsemicarbazides (3) 

X R R' yield (~o) m.p. (°C) Mol. formula ~ 

H H Me 79 171-172 CmH14N402 
Me H Me 59 171-173 CnH16N~O 2 
C1 H Me 52 187-189 C16H13C1N402 
H Me Me 20 b 157-158 CljH16N~O 2 
H Ph Me 35 200-201 ClnHlsN402 
t t  m-C6HaCF 3 Me 14 ° 163-164 C17H17F3N402 
H H Et 77 141-142 C12I-~lsN40u 
Me H Et 55 145L146 ClaH,2oN402 
C1 H Et 50 196-197 C12H17C1N402 

a Analytical data  (C, H, 1N *) agree very well with the calculated values. 
b Low yield largely due to losses during purification of very soluble product. 
° Overall yield from flufenamic acid. 

A similar experiment using dimethylacetamide as solvent gave a 65~o yield 
of 4 a. The other compounds 8 similarly afforded the corresponding compounds 4 
when boiled in dimethylformamide. I f  boiling was continued for too long some 
isomerisation to the 3-amino-2,4(1H,3H)-quinazolinedione was observed. The 
reaction also occurred with 1-(2-amino-5-chlorobenzoyl)-4,4- 
diphenylsemicarbazide but  in this case the 5-(2-amino-5-chlorophenyl)-l,3,4- 
oxadiazole-2(3H)-one (4b) obtained was contaminated with diphenylamine, 
which could be removed by recrystallisation from n-butanol, or by tr i turat ing 
the mixture with sodium hydroxide solution, filtering through celite, and 
precipitation of the 4 b from the filtrate by acidification with acetic acid. 

Alkylation to compounds 8 

5-o-Methylaminophenyl-l,3,4-oxadiazole-2(3H)-one (4 a, 1 g) was added to a 
solution from sodium (0.46 g ) a n d  methanol (25 ml). Excess alkyl iodide was 
added and the mixture refluxed for 3 hours, some of the alkyl iodide and 
methanol was distilled off. On cooling the product separated and was 
recrystallised from ethanol (Table 4). 

5- ( 2-N itropheny!) -1,3,4-oxadiazole-2 ( 3 H ) -one 

2-Nitrobenzoylhydrazine (5 g) was dissolved in warm water. A solution of 
phosgen e (40 ml, 12~o in toluene) was added t o the rapidly stirred solution. Solid 
began t o separate as the phosgene solution was added. Stirring was continued 
while the mixture cooled. The product was then filtered off and washed with 
water, to give 4A3g (77%), m.p. 159-161 ° (Lit2 m.p. 161-162°). 

The same compound was obtained by reacting 2-nitrobenzoylhydrazine 
with carbonyldiimidazole in THF i33%), m.p. 159-160 °. 

Reduction of 5-(2-nitrophenyl)-l,3,4:oxadiazole-2(3H)-one to 4 a 

5-(2-Nitrophenyl)-l,3,4-oxadiazole~2(3H)-one (1.035g, 0.005mol), and 
Adams platinum oxide (60rag), was suspended in alcohol (20mt) and 
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Table 4. 3-Alkyl-5(2-alkylaminophenyl)-l,3,4-oxadiazole-2(3H)-ones (8) 

R R 3 Yield (~) m.p. (°C) Mol. formula ~ 

Me Me 78 175 176 b CloHllNsO 2 
Me Et 64 92~93 CnH13NaO ~ 
Me n-Pr 59 82~$3 C12t~15NaO2 
Me i-Pr 37 69-70 C12H15N302 
Me PhCH 2 44 126-127 C16I-t15NaO~ 
PhCH 2 Me 30 106 C16H15N302 
Et Me 47 143-144 CnH13N302 
Et Et 77-78 ClaH15N302 

Analytical data  (C, H, N) agree very well with the calculated values. 
b NIV[R (in pyridine-ds): 52.80 (3H, d, Me); 3.25 (3H, s, Me). 

hydrogenated at  atmospheric pressure. After 30 minu~es, when the theoretical 
volume of hydrogen had been absorbed, the catalyst was filtered off, the filtrate 
concentrated, and diluted with water. On cooling the solution afforded 0.78 g 4a  
(88~), needles from aqueous ethanol, m.p. 174-176°; a mixed m.p., and the infra- 
red spectrum showed identi ty with the product from anthranilic acid hydrazide 
and carbonyldiimidazole. 

The author thanks Mr. B, Buck for the NMR spectra, which were run on a 
Perkin-Elmer R 12 instrument using T M S  as internal standard, and Mr. J .  D. 
Wheatley for the mass spectra. 
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