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ORGANIC PREPARATIONS AND PROCEDURES INT., 23 (2), 147-151 (1991) 

PREPARATION AND SOME SIMPLE REACTIONS 
OF 1-SUBSTITUTED IMIDAZOLE-2,4,5-TRIONES~ 

Behzat Alturalt, Yunus Akcamurt and Gert Kollenz*tt 

t Science-Literature Faculty, Department of Chemistry 
Erciyes University, TR-38039 Kayseri, TURKEY 

??Institute of Organic Chemistry, Isotope Department 
University of Graz, A-8010 Graz, AUSTRIA 

Oxalic acid and its derivatives, e.g. oxalyl chloride, are well known to be suitable C2- 
building blocks in the synthesis of several heterocyclic systems. In particular 
cyclocondensation reactions of substituted ureas and oxalyl chloride easily afford parabanic 
acid derivatives.2 Surprisingly, to our knowledge only one parabanic acid derived from 
semicarbazones and oxalyl chloride has been described so far.3 We report new examples 
following the known procedure3 and subsequent reactions. 

The semicarbazones 1 and oxalyl chloride cyclize to give the corresponding 
imidazoletriones 2 in 40-80% yield. From the characteristic strong IR absorption bands at 
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1730-1760 cm-', the presence of a parabanic acid skeleton instead of an isomeric 
oxazoletrione moiety (3) can easily be deduced, since the latter show characteristic IR 
absorptions somewhat above 1800 As an example, 2c is rapidly hydrolyzed by 

0 1991 by Organic Preparations and Procedures h e .  

147 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
0
6
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



BEHZAT, AKCAMUR AND KOLLENZ 

heating in ethanolic solution for 3-5 minutes to give the corresponding 1-aminoparabanic acid 
4, which on the other hand is also obtained in rather low yields (3040%) starting with the 
semicarbazones lb,c and oxalyl chloride in boiling benzene. Obviously hydrolysis of the 
C=N double bond must have occurred during that reaction since semicarbazide itself cannot 
be cyclized to 4 by use of oxalyl chloride. Compound 4 exhibits the carbonyl absorption 
bands of the parabanic acid moiety at 1760 cm-' and the corresponding signals in the C-13 
NMR spectrum at 154.8 (C-2), 157.8 and 158.6 ppm (C-4,C-5 or vice versa) respectively. 

It is interesting to note that 4 has been proposed as an intermediate in the conversion of 
2a to the 1,2,4-triazole-3-carboxylic acid methyl ester 5.6 This could now be established by 
starting the methanolysis with 4 instead of 2a which again - as expected - led to the mazole 
derivative 5 thus conf i ing  the former'mechanistic pr~posal.~ Furthermore the N-NH, moiety 
in 4 should be capable of several subsequent reactions: 4 adds to arylisocyanates yielding the 
corresponding imidazolylureas 6. This behavior in general is well known from heterocumulene 
chemistry7 and was also observed with several cyclic N-NH, compounds similar to 4.4ci7c 
Attempts to again cyclize the urea side-chain in 6 with oxalyl chloride to obtain bis-parabanic 
acid derivatives failed. Quinoxaline-2,3-dione (8)* is obtained from reaction of 4 and Q- 

phenylenediamine. The attack of the amine may open the imidazolemone ring leading to an 
exchange of the semicarbazide moiety against the stronger nucleophilic diamine. 

r 0 

7 

2 
HN N-NHCONHR 

RNCO _HONO 4 
H20 1 /H (Sitmine H 

a:x: N, x"" 
A=("" 

C02Me H 

5 8 

a) R = C6H5 b) R = 4-MeC6H, c) R = 1-CI0H7 

Attempts to eventually get a fairly stable diazonium salt from diazotization reaction of 
4 failed since parabanic acid is isolable as the stable end product. This should be the result of 
a deamination process ~ an initially formed diazonium salt intermediate and subsequent 
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elimination of nitrogen, which agrees well with earlier results reported with compounds 
possessing similar N-NH, structural features.4c39 Nevertheless it is worthwhile to note that a 
reductive process seems to be essential to explain these transformations of N-NH, into NH 
groups. 

EXPERIMENTAL SECTION 

Melting points are uncorrected. The IR spectra were recorded on a Perkin-Elmer 421 
spectrometer using samples in potassium bromide disks. The 13C NMR spectrum of 4 
(CDCl,) was determined on a Varian XL 200 spectrometer. The elemental analyses were 
obtained from a Car10 Erba Elemental Analyzer. 
1 -(Pherlyknethv l e n m o h r m d a z o  le-2.4.5-(1H.3Hkione && '.- A mixture of 300 mg (1.84 
m o l e )  l a  and 0.16 ml (1.84 m o l e )  of oxalyl chloride in 10 ml of benzene was kept at 50- 
60' for 1.5 hr. After cooling the precipitate was collected yielding 240 mg (60%) of 2a as 
colorless needles, mp. 205' (acetic acid). The mp, IR spectrum and Rf value of 2a were 
identical with those of an authentic sample, prepared following ref. 3. IR (KBr): 3240 (broad, 
NH), 1820 w, 1730 s (CO) cm-'. 
J -(Methylghenvlmethvlenearmno')lrmdazole-2.4.5-( 1H.3H) -trione .- A mixture of 100 mg 
(0.56 m o l e )  of l b  and 0.06 ml (0.67 mmole) of oxalyl chloride was stirred in 5 ml of 
anhydrous ether at 20' for 3 hrs. The colorless precipitate was washed with anhydrous ether 
and crystallized from dry ethanol to give 120 mg (85%) of 2b, mp. 187-188'. IR (KBr): 3040 
(broad, NH), 1820 w, 1780 w, 1750 s (CO) cm-l. 
U. Calcd. for Cll&N303: C, 57.14; H, 3.89; N, 18.18 

Found: C, 57.09; H, 3.88; N, 18.15 
14Dimethvbeam inohnidazole -2.4.5-(1H.3Hhrione (a . - To a well stirred suspension of 
250 mg (2.1 mmoles) of l c  in 10 ml of anhydrous ether, 0.225 ml (2.6 m o l e s )  of oxalyl 
chloride was added dropwise at 20' during 30 min and the mixture was kept stirring for 4 hrs. 
Then the crude product was collected and washed with anhydrous ether to yield 220 mg 
(60%) of colorless 2c, mp. 184-185' (without recrystallization). IR (KBr): 3040 (broad, NH), 
1840 w, 1760 s (CO) cm-1 . 
M. Calcd. for C6H7N303: C, 42.60; H, 4.14; N, 24.85 

Found: C, 42.40; H, 4.24; N, 24.97 
1 -Aminoimidazole -2.4.5-(1H.3H)-aione (4) . - (a) 2c (100mg, 0.6 mmole), dissolved in 2 ml 

ethanol (96%), was refluxed for 3-5 min. After cooling, 50 mg (61%) of 4, mp. 185' (ethanol) 
was obtained. IR (KBr): 3350,3180 (NH, NH,), 1790,1740 s (CO) cm''. 13C-NMR spectrum 
(CDCl,), see discussion above. 
W. Calcd. for C,H3N303 : C, 27.90; H, 2.32; N, 32.55 

Found: C, 27.77; H, 2.45; N, 32.27 
(b) A mixture of 2g (1 1.3 mmole) of lb  and 1 ml (1 1.4 mmoles) of oxalyl chloride in 20 ml 
of benzene was refluxed with stirring for 4 hrs. After cooling, the colorless precipitate (520 

. . .  
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mg, 36% ) was shown to be 4, from mp, TLC and IR spectrum. 
(c) Following the procedure given in (b), from lg  (8.7 mmoles) of lc and 0.75 ml (8.8 
mmoles) of oxalyl chloride in 10 ml of benzene, 390 mg (35%) 4 was isolated. 
Svnthesis of Co mDounds - 6. General Procedm.- A mixture of 4 and of the corresponding 
arylisocyanate (20% excess) was refluxed in acetonitrile for 3-6 hrs and stirred at 20' for 
additional 12 hrs. Then the colorless precipitate was collected, extensively washed with 
anhydrous ether and recrystallized from a suitable solvent (acetic acid or ethanol). 
1 4Imidazole -2.4.5-trioxoperhvdro- 1 -vl)-3-phenvlurea (6p1 . - 4 (100 mg) and phenylisocyanate, 
after 6 hrs, afforded 80 mg (42%) of 6a. mp. 226-227' (acetic acid). IR (KBr): 3260 0, 1780 
w, 1760 s (CO) cm-'. 
m. Calcd. for C1&ISN4O4: C, 48.38; H, 3.22; N, 22.58 

Found: C, 48.27; H, 3.31; N, 22.49 
1-(Imidazole -2 . 4 . 5-trioxo~erl&o - 1 -vl)-3-D-tolvlu rea (m . - 6b (190 mg, 46%), mp. 232- 
234' (ethanol) was obtained from 100 mg of 4 after 5 hrs. IR (KBr): 3260 (NH), 1780 w,1760 
s (CO) cm-l. 
M. Calcd. for Cl,HloN404: C, 50.38; H, 3.82; N, 21.37 

Found: C, 50.65; H, 3.90; N, 21.47 
1-(I@ole-2 4 5-trioxoperhvdro - -  1 vl) - -  3 (1 - . - A mixture of 250 mg 
(1.95 mmole) of 4 and of 5c reacted for 3 hrs to yield 200 mg (34%) of 6c , mp. 223-224' 
(ethanol). IR (KBr): 3280 (NH), 1800 w, 1750 s (CO) cm-'. 
M. Calcd. for CI4Hl0N4O4: C, 56.37; H, 3.35; N, 18.79 

Found C, 56.22; H, 3.40; N, 18.81 
Methvl 5-Hvdro xv-1.2.4-triazole - -  3 carbo xvlate (51 '.- To a suspension of 100 mg (0.77 
mmole) of 4 in 2 ml of methanol 0.17 ml HCl conc. was added. The mixture was refluxed for 
6 hrs and after cooling the colorless precipitate was recrystallized from water to give 80 mg 
(72%) of 5 identified by mp and spectroscopic data according to the literature.' 
Imidazole-2.4.5-(1H.3H~-trione C'Parabam 'c acid") (7I2ab. - One ml of water and 0.15 ml HC1 
conc. were added to a suspension of 100 mg (0.77 mmole) of 4 and 106 mg (1.54 mmole) of 
NaN02 and the mixture was stirred for 10 min at 20'. After evaporation to dryness, the 
residue was crystallized from ethanol to afford 60 mg (68%) of 7 which was identical with an 
authentic sample of parabanic acid by mp, TLC and IR spectrum. 
O u i n o x a l i n e - 2 . 3 - ( l H . 3 H ) - ~  *. - A mixture of 200 mg (1.55 mmole) of 4 and of 167 
mg (1.55 mmole) of p-phenylenediamine was refluxed for 20 min in 15 ml of ethanol. Upon 
cooling, 60 mg (24%) of 8 was obtained, identical by mp, IR spectrum and TLC, with an 
authentic sample.s 
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