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The action of oxalyl chloride on amidines has given imidazol ine-4,5-dione hydrochlor ides .  
The reac t ions  of the imidazol ine-4 ,5-diones  and the i r  hydrochlor ides  with wate r ,  a l -  
cohols,  and amines have been studied. In these reac t ions  the imidazoline ring readi ly  
opens with the format ion  of der ivat ives  of oxaminic acid. 

We have found previous ly  that the reac t ion  of amidines with oxalyl chloride gives imidazol ine-4 ,5-  
dione hydrochlor ides  [1]. Continuing these invest igat ions,  we have obtained new imidazol ine-4,5-dione 
hydroeklor ides .  

N=r 
c %  c/,32,4.[4 I~Cl Ia R= 2 4- (CHa)2C6H3; 

N - ~ = O  113 R= o-CHaOC6H , 
I 
R la,b 

The action of I of t r ie thy lamine  in an iner t  solvent fo rms  the f ree  imidazol ine-4 ,5-diones  (]1), which 
a re  r econve r t ed  into I under the action of d ry  hydrogen chlor ide .  

Like compounds I (see [1]), the bases  II containing an aryl  radical  in position 1, decompose on being 
heated to ~200~ giving quinazol in-4-ones.  

0 
R El Ilia 1~=5- Or 7-CH3; 
~ C'NH Illb R= 6,8-(CH3)2; 
~ N . ~ - - C C '  3 IIIC R= 8-OCH 3 

I l la -c  

The imidazol ine-4 ,5-diones  and the i r  hydrochlor ides  r e ac t  r e ac t  readi ly  with water ,  alcohols,  and 
amines .  Some of them a re  hydrolyzed even by mois t  a i r ,  which shows the s t rong e lect rophi l ic  nature of 
these compounds. It has been shown in many cases  that ,  r eg a rd l e s s  of the nature of the substi tuents in 
posit ions 1 and 2 of the imidazoline r ing ,  the action of a molecule of wate r  is d i rec ted  to the e lect rophi l ic  
cen te r  C(2). This gives quantitative yields of N-acy l -N ' -a lky l (a ry l )oxamides  (Table 1). 

H20 
I ~ RCONHCOCONHR' 

IV 

* F o r  Communication II, see [1]. 
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TAB LE 1. Oxamide  D e r i v a t i v e s  

o r 

L) 

IVa 
Wb 

IVc 

IVd 
IVe 
Ivf 
IVg 

'CCIa 

EaH~ 
E6Hs 

R' 

[ [ External form I 
mp., ~ I (solvent for 

c~ystalliza- 
tion) 

Empkical 
formula 

C IH C !H 

H 
CHs 

p -c4~b 

C6Hs (CH2) 2 
C6Hs 
C~Hs 

~-C,oH7 

(de- i 
171comp. Y Prisms* 
182"183 Prisms 

I (acetone) 
159--161 Prisms (met han- 

I o1+ water) 
168--170 lNeedles* 
170--171 IPrisms* 
226--228"t Needles (benzene) 
169--171 Needles (methan- 

] ol r water1 

C,~HsClaN2Oa 
C6HsClaN=Os 

CsHHClaN2Oa 

CmHnClaN2Oa 
CmHTClaN2Oa 
C ,sH~N~Oa 
C 19HHN2Oa 

20,9 1,5 20,6 
24,3 2,0 24,3 

3,3 42,7 
2,4~ 38,8 
4,5i 67,2 
4,6 71,7 

1,31 

4,4' 

i3,3 
2,3 
4,5 

* The  subs tance  was  pur i f i ed  by  wash ing  with e the r .  
] ' A c c o r d i n g  to  the l i t e r a t u r e  [21, mp 230~ (decomp.) 

51 
78 

87 

81 
78 
84 
88 

TABLE 2. Methyl  N - O x a m o y l i m i d a t e s  

R 
O ~  

V a C6Hs 
Vb o-CHaOC6H4 
Vc p-CHaOC6H4 

Vd p-CIC6H4 

Ve 2,4- (CHs) 2CsHa 

227 
229 
247 

270 

238 

External form (sol- 
vent for crystalliza- 
tion 

Needles (methanol + 
water) 

Prisms (methanol) 
Prisms facetone + 

water) 
Prisms (methanol + 

water) 
Prisms (methanol) 

EmpiricaI 
formula 

CvHoClaNzOs 
CmHHCIsN204 
CmHHCIaN204 

CnHsCI4N20~ 

CmHmClaN=Oa 

Fonnd, lCalcn-I 
% iated,% 

 --777 7 

40,6 2,8 40,8 2,8 87 
40,91 3,2 / 40,81 3,1 85 

3.7 96 

40,5 3,1 40,8 3,1 

36,8 2,3 36,9 2,2 94 

44,1 3,5 44,4 78 

N - A r y l - N ' - t r i c h l o r o a c e t y l o x a m i d e s  can be i so l a t ed  only by  the ca r e fu l  h y d r o l y s i s  of I. With an e x -  
c e s s  of  w a t e r ,  h y d r o l y s i s  goes f u r t h e r  to t r i c h l o r o a e e t i c  ac id  and  the  c o r r e s p o n d i n g  N - a r y l o x a m t d e s .  N-  
T r i c h l o r o a c e t y l o x a m i d e s  and N - a l k o x y - N ' - t r i c h l o r o a c e t y l o x a m t d e s  h y d r o l y z e  only when they  a r e  bo i led  
with w a t e r .  

H20 
CClaCONItCOCONHR -- CClaCOOH + RNHCOCONH 2 R= H, AIk, Ar 

Oxamide  and the N - a l k y l ( a r y l ) o x a m i d e s  w e r e  ident i f ied  by  the i r  me l t i ng  points  in m i x t u r e s  with 
au thent ic  known  oxamides .  

The a l coho l y s i s  of I t akes  p lace  in m o r e  c o m p l e x  fash ion  than  h y d r o l y s i s .  Depending on the na tu re  
of the subs t i tuen t  in the  pos i t ion  1 of the  imidazo l tne  r ing ,  e i the r  the  C(2) o r  the C(5) undergoes  nuc leophi l ic  
a t t ack .  In the f i r s t  c a s e ,  the p r o d u c t s  a r e  a lkyl  N - o x a m o y l t m i d a t e s  V (Table 2), and in the s econd  c a s e  
a lkyl  N - i m i d o y l o x a m a t e s  VI (Table 3). The s a m e  compounds  w e r e  obtained f r o m  a lkoxaly l  ch lo r ide s  and 
amid ines  and f r o m  oxamoy l  ch lo r ides  and [midic  e s t e r s .  

~NCOCON HR ZNR 
cc,~c',/ _ ~ - c =  o ,~'on cc,~c~' cchs.r d . . c l  - 

~O W " "hl-kC = O \ N  H COCOO R' 
v I '  V! 

R 
t R=Ar ]R =AIk 

/,NR 
CClaC# + CICOCONHR CCIaC~/ + CICOCOOW 

\OR" \NH2 

With  an e x c e s s  of  me thano l ,  2 - p h e n y l i m i d a z o l t n e - 4 , 5 - d i o n e  h y d r o c h l o r i d e  g ives  b e n z a m i d i n e  h y d r o -  
ch lo r ide  and d ime thy l  oxala te .  Methyl  N - b e n z i m i d o y l o x a m a t e  is p robab ly  f o r m e d  f i r s t ,  and this  then  an -  
d e r g o e s  c l eavage .  
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TABLE 3. Alkyl N-Imidoyloxamates  

R 

Via CHa 

VIb n-C4H9 

Vie C~HsCH2 

Vld CsHsCH2 

u C~H5 (CH2) 2 

* See [3]. 

mp., ~ 
External form 
(solvent for 
crystallization) 

Empirical 
for mul a 

, 

Found, Calcu-] 
% lated,% 

186--188" 

CH3 127--129 

129--131" 

i-CaHr 180--181" 

CH3 140--142 

4,335,6] 4,3 

3,9 44,41 3,7 

Prisms 
(benzene) 

Prisms (methan- 
ol + water) 

Prisms 
(benzene) 

Prisms 
-(acetone + water) 

Prisms (methan- 
ol + water) 

I 

CoHI3C13N=Os 

CI3H,3CI3N2Os 

35.~ 

44,4 

56 

73 

70 

50 

92 

N--C=o ] (~N H 'C6H5C~// / .HCI CH3OH IC6H5C gH CH3OH ,. ~ C6H5C - HC! + (COOCH3) 2 
NH-C= 0 | \NHCOCOOCH 3 Hg 

The aminolysis  of compounds t takes place in a s imi la r  manner  to their  hydrolysis .  Regardless  of 
the nature  of the substituent R, the action of a molecule of amine is directed only to the  electrophil ic  cen-  
t e r  C(2). The c a r b o n - n i t r o g e n  (2-1)  bond is cleaved with the format ion of N,N'-disubst i tuted amidines,  
the s t ruc tu re  of which has been shown by independent syntheses .  

N.c~., ~ cc'~c\N. ~' ""~:=o 
VIII  Yl la ,6  [ 

t t R 
CCI3C///NH /NH VII R = CH 3, R'= C6Hs; 

+C|COCOOCH 3 CCI3C~' + CICOCONHC6H5 VII R=C6Hs,R,=CH ~ 
\NHC6H 5 \NHCH 3 

We express  our thanks to Academician A. V. Kirsanov for valuable advice in the per formance  of this 
work.  

EXPERIMENTAL 

Imidazoline-4,5-dione Hydroehlorides (1). With ice-water cooling and stirring, 0.055 mole of oxalyl 
chloride in 30 ml of carbon tetrachloride was added to a solution or suspension of 0.05 mole of an amidine 
in 50 ml of anhydrous carbon tetrachloride. With vigorous stirring, the mixture was heated to 50-60~ 
until the evolution of hydrogen chloride ceased. After cooling, the precipitate of I was separated off in a 
dry atmosphere, and it was washed with anhydrous carbon tetrachloride and with ether (2 x 15 ml) and 
dried in vacuum. 

1- (2 ' ,4 ' -Dimethylphenyl ) -2- t r ich loromethyl imidazol ine-4 ,5-d ione  (Ia). Yield 88%, decomp. 20I~ 
Found, %: C1 40.3. C12tI10C14N202 . Calculated, %: C1 39.8. 

1-(o-Methoxyphenyl)-2- t r ichloromethyl imidazol ine-4,5-dione (Ib). Yield 91%, decomp. 177~ 
Found, %: C1 40.0. CliHsC14N203. Calculated, %: C1 39.6. 

1- (2 ' ,4 ' -Dimethylphenyl ) -2- t r ich loromethyl imidazol ine-4 ,5-d ione  (II). With s t i r r ing  and ice-water  
cooling, 1.01 g (0.01 mole) of t r ie thylamine in 15 ml of ether was added to a suspension of 3.56 g (0.01 
mole) of Ia in 40 ml of anhydrous ether.  After 2 h, the precipi tate  of t r iethylamine hydrochlor ide was sep-  
a ra ted  off, the f i l t ra te  being protected f rom the access  of a tmospher ic  mois ture .  After the evaporation of 
the f i l t ra te  to 1/3 of its initial volume, a precipi ta te  deposited in the fo rm of yellow p r i sms ,  2.24 g (707o), 
decomp. 155~ Found, %: C 45.4; H 2.7. C12HgC13N202. Calculated, %: C 45.1; H 2.8. 

Ia f rom the "Dione" II. D ry  hydrogen chloride was passed through a solution of 1.6 g (0.005 mole) 
of II in 50 ml of anhydrous benzene.  The yellow color  gradual ly  disappeared,  and after  a day the color less  
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solution deposi ted  1.46 g (82%) of Ia  with decomp.  201~ The product  gave no depress ion  of the  mel t ing  
point in admix ture  with an authentic sample  of Ia.  

Quinazol in-4-ones  (I]]). A compound I or  II  (0.01 mole) was heated at 200~ (bath t empera tu re )  until 
the evolution of gases  ceased .  After  the end of the r eac t ion ,  the fused m a s s  solidif ied.  The c rys ta l l ine  
r e s idue  of Ill  was  t r ea t ed  with e ther ,  s epa ra t ed  off, and r e c r y s t a l l i z e d .  

5- o r  7 -Methy l -2 - t r i ch lo rome thy lqu inazo l in -4 -one  (IKa). Yield 78%, mp 224-226~ (p r i sms  f r o m  
methanol) .  Found, %: C 43.7; H 2.4. C10H?C13N20. Calculated,  %: C 43.3; H 2.5. 

6 ,87Dimethy l -2 - t r i ch lo romethy lqu inazo l in -4-one  (ll-lb): Yield 69%, mp 235-236~ (p r i sms  f r o m  
acetone) .  Found, %: C 45.3; H 3.1. CI1HgC13N20. Calculated,  ~0: C 45.3; H 3.1. 

8 -Methoxy-2 - t r i ch lo romethy lqu inazo l in -4 -one  (IIIc). Yield 47%, mp 251-252~ (p r i sms  f r o m  ethanol). 
Found, %: C 41.0; tt 2.2. C10HTC13N202. Calculated,  %: C 40.9; H 2.4. 

N ' -Subs t i tu ted  N-Acyloxamides  (IV). A solution of 0.01 mole  of a compound I or ]7 in 30 ml  of acetone 
was t r e a t ed  with 0.01 mole of wa te r .  After  s o m e  t ime ,  a c rys ta l l ine  p rec ip i t a te  of IV deposi ted.  In some  
c a s e s ,  i t  was  n e c e s s a r y  pa r t i a l l y  to evapora te  the solvent .  

Hydro lys i s  of the 1 -Ary l -2 - t r i ch lo rome thy l imidazo l ine -4 ,5 -d iones  and The i r  Hydroch lor ides .  A 
solution of 0.05 mole  of a compound I or  II in 50 ml  of acetone was t r e a t ed  with 2 ml of wa te r .  After  1 h, 
a c rys ta l l ine  p rec ip i t a t e  of a N-a ry loxamide  deposi ted f r o m  the solut ion,  and this was s e p a r a t e d  off, 
washed  with ace tone ,  and dr ied.  Yield 90-95%. The f i l t ra te  was evapora ted .  The r e s idue  contained 
t r i ch lo roace t i c  acid ,  which was dr ied over  phosphorus  pentoxide and conver ted  into t r i c h l o r o a c e t a m i d e .  
The N - a r y l o x a m i d e s  obtained and the t r i ch lo roace t amide  were  identified by  de te rmin ing  the i r  mel t ing points 
in m ix tu r e s  with authentic s a m p l e s  of the r e l evan t  compounds .  

Hydro lys i s  of N-Tr i ch ]o roace ty loxamide  and its N ' -Alky l  Der iva t ives  (IVa, b)_. A suspens ion  of 0.01 
mole  of IVa or b in 50 ml  of w a t e r  was boi led for  2-5 h. Af ter  cooling,  the solution deposi ted a c rys ta l l ine  
p rec ip i ta te  of oxamide or  a N-a lky loxamide ,  which was washed  with acetone and dr ied.  Yield 60-65%. 
Mixtures  with authentic s am p l e s  of the cor responding  oxamides  gave no dep res s ion  of the mel t ing  points .  

Alcoholysis  of 2 -Alkyl (a ry l ) imidazo l ine-4 ,5-d ione  and I ts  1-Alkyl and 1-Aryl  Der iva t ives  and Thei r  
Hydroch lor ides .  A solution of 0.01 mole of a compound I or I I  in 20 m / o f  an absolute  alcohol was  left  to 
s tand for  2-3 h. The excess  of alcohol  was evapora t ed  off in vacuum,  and the c rys ta l l ine  r e s idue  cons is ted  
of the product  V or VI. 

Alcoholysis  of 2 -Pheny l imidazo l ine -4 ,5 -d ione  Hydroch/or ide .  A solution of 2.10 g (0.01 mole) of 2-  
phenyl imidazol ine-4 ,5-d ione  hydroch/or ide  in 15 ml  of absolute methanol  was left  at 20~ for  12 h. Then 
the methanol  was evapora t ed  in vacuum,  and the res idue  was t r ea t ed  with 30 ml of anhydrous e ther .  The 
e the rea l  solut ion deposi ted a c rys ta l l ine  p rec ip i ta te  of benzamidine  hydrochlor ide ,  which was sepa ra t ed  
off, washed  with anhydrous e the r ,  and dr ied.  Yield 1.14 g (73%), mp 167-169~ The subs tance  gave no 
dep re s s ion  of the  mel t ing  point in admix ture  with an authentic s amp le s  of benzamidine  hydrochlor ide .  The 
f i l t r a te  a f t e r  the sepa ra t ion  of the benzamidine  hydroch lor ide  was evapora ted  in vacuum,  giving 0.75 g (61%) 
of dimethyl  oxalate  with mp  54~ The subs tance  gave no depress ion  of the mel t ing  point in admix ture  with 
an authentic s ample  of dimethyl  oxalate .  

Methyl N-(Oxani loy l ) t r i ch /oroace t imida te  (Va, independent synthesis)..  A solution of 1.76 g (0.01 
mole) of me thy l  t r i ch lo roace t imida te  in 10 ml  of dioxane was added to a solution of 1.84 g (0.01 mole) of 
oxanilic acid hydroch lor ide  in 20 ml  of anhydrous dioxane.  The solution was heated at 50-60~ for  2 h. 
The solvent  was  evapo ra t ed  off in vacuum,  and the res idua l  v iscous  liquid was t r e a t ed  with 15 m / o f  e ther .  
The white p rec ip i t a t e  fo rmed  was  s e p a r a t e d  off and washed with e the r  to give 1.26 g (39%) of Va in the f o r m  
of need les ,  mp 226-227~ ( f rom methanol  + wa te r ) .  The substance  gave no dep res s ion  of the melt ing point 
in admix ture  with the Va obtained by  the act ion of methanol  on 1 -pheny l -2 -ch lo rome thy l imidazo l ine -4 ,5 -  
dione. 

Methyl N-Methy l t r i eh ]o roace t imidoy loxamate  (Via, independent synthes is) .  A solution of 3.51 g (0.02 
mole) of N-me thy l t r i ch l o roace t am i d i ne  in 20 ml  of benzene  was  added to a solution of 1.23 g (0.01 mole) 
of methoxa ly l  chlor ide in 15 ml  of anhydrous benzene .  The mix tu re  was s t i r r e d  a t  20~ for  1-2 h. Then 
the p rec ip i t a t e  of amidine hydrochlor ide  was  s epa ra t ed  off and the  f i l t ra te  was evapora t ed  in vacuum. The 
res idua l  v iscous  liquid was t r ea t ed  with 10 ml  of e ther .  The e therea l  solution deposi ted a p rec ip i t a te  which 
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was s e p a r a t e d  off and washed with e the r  to give 1.15 g (44~0) of Via in the fo rm of co lo r l e s s  p r i s m s ,  mp 
186-188~ (f rom benzene) .  The subs tance  gave no depress ion  of the mel t ing point in admix ture  with the 
Via obtained by the action of methanol  on 1 -me thy l -2 - t r i eh lo rome thy l imidazo l ine -4 ,5 -d ione .  

N,N ' -Disubs t i tu ted  Tr i ch lo roace tamid ines  (VII). With s t i r r ing  and i c e - w a t e r  cooling, 0.1 mole  of 
amine  in 15 ml  of benzene was added to a solution or  suspens ion of 0.05 mole  of a compound I in 20 ml  of 
anhydrous benzene .  The mix tu re  was s t i r r e d  at  20~ for  1-2 h. The solvent  was evapora ted  off in vaeu -  
tan, and the sol id res idue  was dr ied and t r e a t ed  with wate r .  The wate r - inso lub le  compounds VII we re  s ep -  
a r a t ed  off, d r ied ,  and r e c r y s t a l l i z e d .  

N- (N , -Me t hy l oxam oy l ) -N ' -pheny l t r i ch lo roace t amid ine  (VIIa): Color less  p r i s m s  (from ethanol),  
decomp.  243~ Yield 65%. Found, %: C 41.0; H 3.2. CI1H10C13N302. Calculated,  %: C 40.9; H 3.1. 

N-Methy l -N, -oxan i loy l t r i ch lo roace tamid ine  (VIIb). Color less  p r i s m s  ( f rom methanol) ,  decomp.  173~ 
Yield 73~o. Found, ~o: C 40.6; H 3.2. CllH10C13N302. Calculated,  %: C 40.9; H 3.1. 

Compound VIIa (independent synthes is) ,  a) With s t i r r i ng ,  a solution of 4.75 g (0.02 mole) of N-  
pheny l t r i ch lo roace tamid ine  in 25 ml  of benzene was added to a solution of 1.23 g (0.01 mole) of methoxalyl  
chlor ide  in 20 ml  of anhydrous benzene.  The mix tu re  was s t i r r e d  at 20~ for  1-2 h, and the prec ip i ta te  of 
the amidine hydrochlor ide  was s epa ra t ed  off. The mothe r  solution was evapora ted  in vacuum to 1/4 of its 
or ig inal  vo lume and was  t r e a t ed  with 3-5 ml  of p e t r o l e u m  e the r .  The p rec ip i t a te  that deposi ted was sep-  
a ra t ed  off to give 1.68 g (52%) of N-methoxa ly l -N-pheny l t r i ch lo roace tamid ine  (ViII) in the fo rm of co lo r l e s s  
needles ,  mp 96-98~ ( f rom pe t ro l eum ether) .  Found, ~0: C 41.0; H 2.8; CH30 9.7. CllHgC13N203. Cal-  
culated,  %: C 40.8; H 2.8; CH30 9.6. 

b) A solution of 0.09 g (0.003mole) of methylamine  in 1 m l  of methanol  was added to a solution of 
0.97 g (0.003 mole) of ViII in 20 ml  of methanol .  The solution was  lef t  at 20~ for  10-12 h, and then the 
solvent  was  evapora t ed  off in vacuum.  The r e s idua l  v iscous  oil was t r ea t ed  with 3 ml  of e ther .  The p r e -  
c ipi ta te  that deposi ted was s epa ra t ed  off, giving 0.52 g (54%) of VIIa in the f o r m  of co lo r l e s s  p r i s m s ,  de-  
comp.  243~ (f rom methanol) .  The subs tance  gave no dep res s ion  of the mel t ing point in admixture  with the 
V]:[a obtained by  the act ion of aniline on 1 -me thy l -2 -ch lo romethy l tmidazo l ine -4 ,5 -d ione .  

VIIb (independent synthes is ) .  With s t i r r ing  and i c e - w a t e r  cooling,  1.75 g (0.01 mole) of N - m e t h y l -  
t r i ch lo roace tamid ine  in 20 ml  of benzene was added to a solution of 0.92 g (0.005 mole) of oxanilic acid hy-  
d roch tor ide  in 20 ml  of anhydrous benzene.  The mix ture  was evapora ted  in vacuum and the res idue  was 
t r ea t ed  with 15 ml  of pe t ro l eum ether .  The prec ip i ta te  that  deposi ted was sepa ra ted  off to give 0.95 g 
(59%) of VEt) in the f o r m  of co lo r l e s s  p r i s m s ,  decomp.  173~ ( f rom methanol) .  The subs tance  gave no 
dep re s s ion  of the mel t ing  point in admix ture  with the VIIb obtained by the act ion of methy lamine  on 1- 
pheny l -2 - t r i ch lo romethy l imidazo l ine -4 ,5 -d ione .  
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