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In order to study their photographic properties, starting from the cor- 
responding aromatic diamines the first representatives of a number of 
dipyrazolidonylarylenes have been synthesized: di[4-(pyrazolid-3-on- 
1-yl)phenyl] oxide and 1,2-di[4-(pyrazolid-3-on-l-yl)phenyl]ethane. 

A f t e r  K e n d a l l ' s  d i s c o v e r y  [1] of the  p h o t o g r a p h i c  

p r o p e r t i e s  of 1 - p h e n y l p r a z o l i d - 3 - o n e ,  m a n y  s u b -  

s t a n c e s  of t h i s  e l a s s  b e c a m e  known.  A t t e m p t s  w e r e  

m a d e  to e l u c i d a t e  t he  r e l a t i o n s h i p  b e t w e e n  the  s t r u c -  

t u r e  and p h o t o g r a p h i c  p r o p e r t i e s  of t h e s e  s u b s t a n c e s  
[2, 3] and the  m e c h a n i s m  of t h e i r  a c t i o n  was  s t u d i e d  

[4]. It was  shown  tha t  t he  r e a c t i o n  c e n t e r  in the  m o l e -  
cu le  of a 1 - a r y l p y r a z o l i d o n e  in t he  d e v e l o p m e n t  p r o -  

c e s s  is  t he  p y r a z o l i d o n e  r i n g  [4, 5]. 

The o b j e c t  of t he  p r e s e n t  w o r k  w a s  the  s y n t h e s i s  of 

s u b s t a n c e s  t he  m o l e e u l e s  of wh ich  would  con t a in  two 

p y r a z o l i d o n e  r i n g s .  T h e s e  s u b s t a n c e s  could  be  of i n -  

t e r e s t  in the  d e v e l o p m e n t  of l i g h t - s e n s i t i v e  c i n e m a t o -  
g r a p h i c  m a t e r i a l s .  

The  s y n t h e s i s  of the  f i r s t  r e p r e s e n t a t i v e s  of t h i s  

c l a s s  t h a t  we  have  e f f e c t e d  [6] s t a r t e d  f r o m  di ( 4 - a m i n o -  

phenyl)  ox ide  and 1, 2 - d i ( 4 - a m i n o p h e n y l ) e t h a n e .  

(p-H2NCsH4)2X-  (p-NCCH2CH~HNCsH~)2X 
I 

(p-HOOCCH~CH2HNCsH4)2X 
n 

NO 
I 

�9 (p-HsCOOCCH2CH~HNC~H4)~X ~ (p-H~COOCCH2CH2NC~H4)~X 
lit IV 

X = 0 ,  CH2CH 2 

* F o r  p a r t  IV, s e e  [14]. 

o o 
II NIt HN /I 

X --N / 

As can be seen from the scheme, the first stage of 
the process is the dicyanoethylation of the aromatic 

diamines. According to the literature [7] such reac- 
tions take place under fairly severe conditions (in a 

tube, atmosphere of nitrogen, in the presence of cop- 
per acetate, 9-15 hr, 90 ~ C). It was found, however, 

that the dieyanoethylation products are readily formed 
when the appropriate diamine and an excess of acry- 
lonitrile in glacial acetic acid is heated in the water 

bath, in analogy with a published process [8]. 
Fedotova et al. [7] concluded that these substances 

were unreactive and, in particular, that they do not 

undergo saponification on being boiled with alkali. Ac- 

cording to our results, on being boiled with a 40% solu- 
tion of caustic soda the dicyanoethylated derivatives of 
p-phenylenediamine and compounds of type I are read- 
ily converted into the disodium salts of the correspond- 

ing diaeids, which crystallize out when the reaction 
mixture is cooled and can then be converted into the 

diaeids or diesters. We have tested this method of 
saponifying cyanoethylated amines and isolating the 
amphoteric amino acids on a number of other compounds 
and have found it to be very convenient. 

The esterification of the diacids If, the nitrosation 

of t he  d i e s t e r s  III, and  t h e  r e d u c t i o n  of t he  d i n i t r o -  

s o a m i n e s  IV took  p l a c e  wi thou t  c o m p l i c a t i o n s .  The  

NO 
E 

(p-RCH2CH~NCsH4)2X 

CN 

COOIt 

CN 

COO11 

COOCHa 

0 

0 

CH.~CH2 

CIJ2C'H2 

C I I2C It~ 

Reaction 
medium 

20% HCI 

20% lICl 

10% HCI 

-oO% HCI 

CHaCOOtt 

Mp, ~ 

83,5--8~ 

145.5--'146 

t30--131 

159(deco rap.) 

137--138 

Form of the 
crystals (solvent) 

Prisms 
(metha nol) 

Plates 
(methanol) 

Plates 
(methanol) 

Prisms 
(ethanol) 

Needles 
(CH3COOH) 

Empirical formula 

CIsHIsNsOB 

C,sH~sN40r 

C20H20N602** 

C2oH2gN4Os 

C2~H~sN4Oa 

Found, 
% 

22.93 
23.19 

13.83 
t3,81 

22.24 
22.38 

13,75 
13,58 

12.63, 
12.42 

Calculated 
% 

23.05 

13,,92 

22.32 

13.52 

12,66 

UV spectra 

}~m (z x '  n m  

22l:285 

223:285 

215:279 

2'17:278 

215:278 

',t.33:4.22 

4.32:4,23 

q,23,: 4,06 

4.83:4.18 

4.31:4.17 

Yield, 
% 

66.2* 

69,5 

82.5 

84.8 

60.2 

*Extracted from the reaction mixture with chloroform. 
**Found, %: C 63.89, 63.92; H 5.50, 5.55. Calculated, %: C 63.81 ; H 5.35. 



624  K H I M I Y A  G E T E R O T S I K L I C H E S K I K H  S O E D I N E N I I  

f i n a l  p r o d u c t s  V c o n s i s t e d  o f  s u b s t a n c e s  s p a r i n g l y  s o l -  

u b l e  i n  t h e  u s u a l  o r g a n i c  s o l v e n t s  a n d  w i t h  w e l l - m a r k e d  

r e d u c i n g  p r o p e r t i e s .  T h e  UV s p e c t r a  o f  t h e s e  s u b -  

s t a n c e s  a r e  s i m i l a r  a n d ,  a s  c o m p a r e d  w i t h  t h e  s p e c -  

t r u m  of  1 - p h e n y l - p y r a z o l i d - 3 - o n e ,  h a v e  a m a r k e d  

b a t h o c h r o m i c  s h i f t  a n d  a h i g h e r  a b s o r p t i o n  c o e f f i c i e n t .  

T h e  m o l e c u l a r  w e i g h t  o f  V (X = 0),  d e t e r m i n e d  b y  

m a s s  s p e c t r o s c o p y  (338) ,  c o n f i r m e d  t h e  s t r u c t u r e  o f  

t h e  s u b s t a n c e .  
A t t e m p t s  t o  o b t a i n  c o m p o u n d  V b y  t h e  r e d u c t i o n  o f  

t h e  N - n i t r o s o  d e r i v a t i v e s  of  t h e  d i a c i d s  VI ,  a s  w e  p r o -  

p o s e d  p r e v i o u s l y  [9] f o r  t h e  1 - c a r b o x y p h e n y l p y r a z o l i d -  

3 - o n e s ,  p r o v e d  u n s u c c e s s f u l .  

NO 
I 

(p.HOOCCH2Cfl2NC6H4)2X )< �9 V 

VI 

X=O, CH2CH 2 

T h e  t o t a l  y i e l d  o f  V c o u l d  b e  r a i s e d  a p p r o x i m a t e l y  

t w o f o l d  w i t h  a s i m u l t a n e o u s  s h o r t e n i n g  o f  t h e  p r o c e s s  

b y  n i t r o s a t i n g  t h e  n i t r i l e s  I w i t h  s u b s e q u e n t  r e d u c t i o n  

a n d  h y d r o l y s i s  [10] .  

NO 
I I, (p- NCCH2CH:,<'C6H4)2X ~- 

Vii  

NH 2 NH2 

I n t e r m e d i a t e  p r o d u c t s  f o r m e d  in  t h i s  p r o c e s s  a r e  

t h e  d i ( a m i n o p y r a z o l i d i n y l ) - a r y l e n e s  (VIII) ,  w h i c h ,  i n  

s o m e  c a s e s ,  m a y  h a v e  i n d e p e n d e n t  v a l u e  a s  d e v e l o p -  

m e n t  a c t i v a t o r s  [11] .  

I n t h e  r e d u c t i o n  o f t h e n i t r o s o a m i n e  (VII) (X = CH2CH2) ,  

i n  a d d i t i o n  t o  t h e  m a i n  c o m p o u n d  VIII  (X = CH2CH2) ,  a 

s m a l l  a m o u n t  o f  a s u b s t a n c e  C20H35N 5 w a s  i s o l a t e d  

w h i c h  i s  a p p a r e n t l y  t h e  r e s u l t  o f  t h e  r e d u c t i o n  o f  o n e  

N O  g r o u p  a n d  t h e  s p l i t t i n g  o u t  o f  t h e  s e c o n d ,  a n d  h a s  

t h e  s t r u c t u r e  IX.  

m ( p .  N CCH2CH2N Ct;HtCH2) 2 P 

NO 

NI'I~ 

. ~ N  - ~ - -  Ctt2;tt2--~-- N ItCH2CH2CN § VI H 

It m u s t  b e  m e n t i o n e d  t h a t  a t t e m p t s  t o  o b t a i n  t h e  

s i m p l e s t  r e p r e s e n t a t i v e  o f  t h e  c l a s s  o f d i p y r a z o l i d o n y l -  

a r y l e n e s  f r o m  p - p h e n y l e n e d i a m i n e  b y  s i m i l a r  m e t h o d s  

w e r e  u n s u c c e s s f u l .  In a l l  e a s e s  t h e  r e d u c t i o n  o f  t h e  

c o r r e s p o n d i n g  n i t r o s o a m i n e s  t o o k  p l a c e  w i t h t h e  c l e a v -  

a g e  o f  t h e  N - - N  b o n d .  T h i s  u n d e s i r a b l e  p r o c e s s  f r e -  

q u e n t l y  c o m p e t e s  w i t h  t h e  r e d u c t i o n  r e a c t i o n  [12] .  

T h e  a u t h o r s  e x p r e s s  t h e i r  d e e p  g r a t i t u d e  to  V.  I. 

Z a r e t s k i i  f o r  t h e  m a s s  s p e c t r o m e t r i c  d e t e r m i n a t i o n  

o f  t h e  m o l e c u l a r  w e i g h t .  

EXPERIMENTAL 

Di[4-(N-13-cyanoethylamino)phenyl]oxide (I, X = 0). A mixture of 
15.6 g of di(4-aminophenyl) oxide, 40 ml of aerylonitrile, and 20 ml 
of glacial acetic acid was heated in the water bath for 7 hr and was left 
overnight at room temperature. The precipitate that had deposited was 

filtered off, washed with water and methanol, and dried. Yield 9.0 g 
(37.6%). Colorless plates with mp 120.5-121 ~ C (from methanol). 
kma x 257, 306 rim; tog e 4.43, 3.64. (The spectra of all the substances 
were taken in ethanolic solution at a concentration of 5 x 10 -s  mole//.) 
Found, %: N 18.84, 18.54. Calculated for ClsHtsN40, %: N 18.29. 

1,2-Di[4- (N-8- cyanoethylamino)phenyl]ethane (I, X = CH2CH2). 
This was obtained similarly from 31.9 g of 1,2-di(4-aminophenyl) 
ethane and 80 ml of acrylonitrile in 45 ml of glacial acetic acid. Yield 
29.4 g (61.6%). Colorless leaflets with mp 195-196.5 ~ C (from glacial 
acetic acid.)  Xma x 253, 299 nm; log e 3.99, 3.16. Found, %: N 17.45, 
17.38. Calculated for C~0H~N4, %: N 17.59. 

Di[4-(N-g-cyanoethylamino)phenyllmethane (I, X = CHz). This 
was obtained similarly from 11.7 g of di(4-aminophenyl)methane and 
30 ml of acrylonitrile in 20 ml of glacial acetic acid. After the end 
of the reaction, the solution was evaporated in vacuum. Yield 6.1 g 
(33.8%). Colorless leaflets with mp 122.5-123 ~ C (from aqueous ethan- 
ol .)  kma x 256, 298 nm; log ~ 4.49, 3.64. Found, %: C 74.66, 74.93; 
H 6.73, 6.66; N 18.69, 18.76. Calculated for C19H20N 4, %: C 74.97; 
H 6.62; N 18.40. 

Di[4-(NoB-carboxyethylamino)phenyl]oxide (II, X = 0). To 220 ml 
of a 40% solution of caustic soda was added 21.0 g of I (X = 0), the re- 
sulting mixture was boiled for 5 b.r, and the white precipitate of diso- 
dium salt was filtered off and dissolved with gentle heating in 140 ml of 
water; the solution was filtered from insoluble impurities and it was 
treated with 100 ml of cone HC1 with ice cooling, The precipitate that 
deposited was washed with ice water and dried in the air. Yield 9.1 g 
(38.59).  Colorless plates with mp 141-142.5" C (from water), kma x 
257, 307 nm; log s 4.39, 3.59. Found, %: C 62.69, 62.53; H 5.79, 
5.67; N 8.11, 8.23. Calculated for ClsH2DN2Os, %: C 62.77; H 5.85; 

N 8.13. 
1,2-Di[4-(N-~-carboxyethylamino)phenyl]ethane (II, X = CH2CH3). 

15,9 g of I (X = CHzCHJ was dissolved with stirring in 120 ml of 20% 
HC1, the insoluble impurities were separated off, and the solution was 
boiled for 4 hr and was evaporated slightly in the vacuum of a water 
pump. The precipitate that deposited on cooling was filtered off and 
dissolved in the minimum amount of water, and this solution was grad- 
ually added to an eqnal volume of a saturated aqueous solution of 8.2 g 
of sodium acetate. The precipitate formed was filtered off, washed 
with water, and dried in the air. 

Yield 12.8 g (71.8%). Colorless plates with mp 180-181.5 ~ C (from 
methanol). Xma x 252, 3OO nm; log ~ 4.41, 3.64. Found, %: N 7.72, 
7.58. Calculated for C~DH24N~Oa, %: N 7.86. 

N,N,.Di(13.carboxyethyl)-p-phenylediamineo Ten grams of N,N'-  
di(/3-eyanoethyl)-~3-phenylenediamine [12] was added to 400 ml of 25% 
caustic potash and the mixture was boiled for 10 hr, and then, with 
cooling, it was acidified with concentrated HC1 and was saturated with 
sodium acetate.  After some t ime a precipitate separated out, which 
was filtered off, washed with ice water, and dried at ~100 ~ C. Yield 
9.6 g (81.7%). Needles with mp 150- i51 ~ C (from ethanol). Found, %: 
C 56.87, 57.19; H 6.56, 6.67; N 11.42, 11.48. Calculated forC12Hl~N204, 
%" C 57.15: H 6.35: N 11.11. 

i, 2-Di[4-(N-lg-rnethoxycarbonylethylarnino)phenyl]ethane (III, X = 
= CHzCH~). A current of dry hydrogen chloride was passed into a sus- 
pension of 19.6 g of compound II (X = CH2CHJ in 200 ml of methanol.  
A solution was gradually formed, from which a white precipitate of 
the hydrochloride of the diester began to deposit. This was filtered off, 
the filtrate was diluted with 500 mt of water, and 5.6 gofa  light yellow 
substance was precipitated with 30% sodium carbonate solution. De- 
composition of the aqueous solution of the hydrochloride of the diester 
with saturated aqueous sodium acetate solution gave another 10.7 g of 
diester. The total yield was 16.3 g (77.5%), Light yellow needles with 
mp 154-155 ~ C (from ethanol). Found, %: N 7.40, 7.36. Calculated 
for C2zHzsN204, %: N 7.28. Dihydrochloride. Colorless plates with mp 
186-188 ~ C (decomp.,  from ethanol). Found, %: N 5.95, 6.17. Cal- 
culated for C22HzsN204 ' 2HC1, %: N 6.12. 

N,N'-Di(13-methoxycarbonylethyl)-p-phenylenediamine. A mix- 
ture of 20 g of N, N'-di(/~-cyanoethyl)-p-phenylenediamine and 200 ml  
of 40% caustic soda was boiled for 5 hr, the precipitate was separated 
off and dissolved in 750 ml of ethanol, and, with cooling, the solu- 
tion was saturated with dry hydrogen chloride. The precipitate formed 
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was dissolved in water, precipitated with 20% caustic soda solution, 
washed on the filter with water and dried in the air. Yield 15.0 g(67.5%) 
Mp i05-I06" C. Found, %: C 59.60, 59,68; H 7.61, 7.42; N 10.10; 
10.20. Calculated for C14H~0N204, %: C 59.99; H 7.14; N 10.00. 
Dihydrochloride. Mp 179-181" C (ethanol-ether). Found, %: C 47.58, 
47.55; H 6.06, 6.42; Cl 20.07, 20.09. Calculated for CI4Hz0NzO4 �9 
�9 2HCI, %0: C 47.60; H 6.28; Cl 20.07. 

Di[4- (N- nitroso- N-/3- methoxycar bonylethylamino)phenyl]oxide 
(IV, X = 0). With ice cooling, a current of dry hydrogen chloride was 
passed through a solution of 24 g of compound rf (X = 0) in 600 ml of 
methanol to saturation, about 300 ml of methanol was distilled off in 
vacuum, and the residue was poured into 1 l of ice water containing 
50 ml of concentrated HC1. At 2-5* C, a solution of 10 g of sodium 
nitrite in 50 ml of water was added dropwise, the oily layer that separ- 
ated out was extracted with chloroform, the solvent was distilled off 
in vacuum, and the residue was treated with 2 -3  ml of methanol, fil- 
tered off, washed with a small amount of methanol,  and dried. Yield 
28.5 g (95% of the initial diaeid)�9 Light yellow prisms with mp 88.5- 
85 ~ C (from methanol), kma x 221.5, 283 nm; log e 4.34, 4.24. Found, 
%: C 55,78, 55.70; H 4.93, 4.87; N 13�9 13.25. Calculated for 
C20H22N407, %: C 55.80; H 5.15; N 13.01. 

N, N'-  Di(N-nitroso- 1% cyanoethyl)- p- phenylenediam Inc. Fourteen 
grams of N, N'-di(~-cyanoethyl)-p-phenylenediamine in 250 ml of 
glacial acetic acid was nitrosated at 15-1~ ~ C by the action of 9.9 g 
of sodium nitrite in 50 ml of water. The precipitate was filtered off, 
washed with water, and dried. Yield 16.2 g (91%). Light yellow prisms 
with mp 144.5-145 ~ C (from methanol). Found, %: C 53.01, 53.03; 
H 4.55, 4.67; N 30.39, 30.64. Calculated for ClzHlzN~D 2, %0: C 52.95; 
H 4.40; N 30.88. 

N, N'-Di(N-nitroso-I~carboxyethyl)-p-phenylenediamine was ob- 
tained similarly from 2.6 g of N, N'-di(3-earbo• 
amine in dilute HCI (1:1).  Yield 2.5 g (78.3%). Yellow prisms with mp 
155-156 ~ C (from methanol). Found, %: C 46.36, 46.28; H 4.98, 4.77; 
N 18.13, 18.08. Calculated for CI2HI4N406, %: C 46.45; H 4.52; N 
18.06. 

N, N ' -  Di(N- nitroso- B- methoxycar bonylethyl)- p- phenylenediamine 
was obtained similarly from 16.5 g of N,N'-di(~-methoxycarbonyl- 
ethyl)-p-phenylenediaminein dilute HC1 (1 : 1). Yield 17.0 g (85.1"]o). 
Light yellow crystals with mp 88-88.5" C (from methanol). Found, %: 
N 16.33, 16.19�9 Calculated for CI4HlsN40~, %: N 16.56. 

Information on the other nitrosoamines is given in the table. 
1.2-Di[4-C3-amino'-2-pyrazol/n-l-yl)phe, nyl]ethane (VIII, X = 

CHzCHa). Withstirringandcooling, 17gofz incdustwas  added in small  
portiere to a suspension of 16.5 g of VII (X = CHzCHal in 200 ml of 
glacial acetic acid (the temperature of the mixture did not exceeI~ 
25 ~ C). The excess of zinc was filtered off and, with cooling, the ill- 
trate was added to 800 ml  of 20% caustic soda. The precipitate formed 
was washed with water and with methanol, dried at ~ i00  ~ C, and 
crystallized from dimgthylformamide. Yield 8.7 g (57%). Colorless 
plates with mp 254-255" C. kma x 278 nm; log e 4.44. Found, %: C 
68.84, 68.75; H 6.95, 7.05; N 24.18, 24.01. Calculated for CzoH~tN6. 
%: C 68.94; H 6.94; N 24.12. Dipicrate. Dark yellow prisms with 
mp 135-136 ~ C (from ethanol). Found, %: N 20.91, 21.09. Calculated 
for C~0H~N s �9 2CeH3N~,  %: N 20.84. 

The mother solution after the crystallization of the substance from 
dimethylformamide was evaporated to dryness in vacuum and the res- 
idue was dissolved in boiling 50% acetic acid. On cooling, 1.2 g (8.2 %) 
of a substance separated out which was probably 1- [4- (3-amino-2-py-  
r azolin-1- yl)phenyl]- 2- [4- 03-cyano ethylamino)phenyl]ethane (IX). 
Colorless prisms, decomposing on heating above 200" C. Found, %. 
C 72.35, 72.06; H 6.99, 7.13; N 21.09, 21.12. Calculated for Cz0Hza 
Ns, %: C 72.04; H 6.95; N 21.00. 

Di[4-(3-Amino-2-pyrazolin-l-yl)phenyl]oxide (VIII, X = 0). This 
was obtained similarly from 7.52 g of VII (X = 0). Colorless leaflets 
with mp 272-273" C (deeomp. ; from dimethylformamide).  Yield 1.~ g 
(25.4%). Found, ~o: C 64.01, 64.13; H 5.81, 5.88; N 24.68. 24.82. 
Calculated for ClsH20NsO, %; C 64.25; H 5.99; N 24.98. 

Di[4-(pyrazolid-3-on-l-yl)phenyl] oxide (V, X = 0). A) To 110 ml  
of glacial acetic acid was added 20.9 g of IV (X = 0) and the mixture 

was heated to 40 ~ C until dissolution was complete, and was then cooled 
to 17-20 ~ C and 20 g of zinc dust was added in portions at this temo 
perature, after which the mixture was stirred for 15 rain and poured in- 
to 110 ml of water and the resulting mixture was heated in the water 
bath for 3 hr. The solution obtained was treated with activated carbon 
and filtered into 2 l of water. The precipitate that separated out on 
standing was separated off, washed with water, and dried at ~100 ~ C. 
Yield 5.8 g. (a5.4%). Colorless needles with mp 223-225.5 ~ C (from 
dilute acetic acid). Xma x 257 nm, log ~ 4.40. Found, %- C 63�9 
83.91; H 5�9 5.53; N 16.28, 16.57. Calculated for ClsHlsN~Oa, %0: 
C 63.89; H 5.36; N 16.56. 

B) To a solution of 5 ml of concentrated H2804 in 100 ml of water 
was added 2.3 g of VIII (X = 0), the mixture was boiled for 2 hr, and 
after cooling the precipitate was filtered off, washed with water and 
with methanol,  and was dried in the air. This gave 1.1 g (47.5%) of a 
compound with 222-224 ~ C. A mixture with the substance obtained by 
method (A) gave no depression of the melt ing point. 

1 ,2-Di[4-(pyrazolid-3-on-l-yl)phenyl]ethane (V, X = CH2CHz). 
A) This was obtained in a similar manner re V(X = 0) from 2.2 g of 1V 
(X = CHzCH2). Yield O.56 g (25.4%)�9 Pink prisms with mp 235.5-237 ~ C 
(from dilute dimethylformamide),  kma x 252 rim; log ~ 4.36�9 Found, 
%: C 69,06, 68.81; H 6�9 6.38; N 16.29, 16�9 CaIculated for 
Ca0HzzN402, %: C 68.55; H 6.32; N 15�9 

b) This was obtained in a similar manner to V (X = 0) from 10 g of 
VIE[ (X = CHzCHz)�9 Yield 5�9 g (50.8~ Mp 235-236 ~ C. A mixture 
with the substance obtained by method (A) gave no depression of the 
melting point. 
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