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ORGANIC PREPARATIONS AND PROCEDURES IMT. 12( 3-41, 197-200 (1980) 

DINITRONATE SALTS OF SUCCINONITRILE 

Edward F. Witucki*, Walter Maya, and M i l t on  B. Frankel 

Advanced Programs, Rocketdyne Division/Rockwell Internat ional  Corp. 
6633 Canoga Avenue, Canoga Park, Cal i f o r n i  a 91 304 

Feuer and Savides have reported the n i t r a t i o n  o f  a l i p h a t i c  d i n i t r i l e s  

w i th  a w l  n i t r a t e  i n  the presence o f  strong base,' and prepared the a,aO- 

d i n i t r o d i n i t r i l e  s a l t s  o f  the corresponding a,w-d in i t r i les  i n  the ser ies 

NCCH2(CH2),CH2CN where n = 2-6. However, only the dipotassium s a l t  of 

a d i p o n i t r i l e  was isolated; the n i t r a t i o n  products o f  the higher homologues 

were i d e n t i f i e d  through t h e i r  dibromo derivatives. We wanted t o  prepare 

the n i t r a t i o n  product o f  the f i r s t  member i n  the series, s t a r t i n g  w i th  

succ inon i t r i l e  where n = 0. The use of the conditions of Feuer and Savides, 

namely, very low temperature reactions (below -35') w i th  potassium t-but- 

oxide i n  tetrahydrofuran o r  potassium amide i n  l i q u i d  amnonia2, d i d  no t  

a f f o r d  the desired product, dipotassium 2,3-dinitrosuccinoni t r i l e  (I). 

However, a f t e r  numerous unsuccessful attempts and w i th  several modifica- 

t ions, we were able t o  prepare and characterize t h i s  compound; the d i -  

sodium, d i s i l  ver and d ich loro der ivat ives o f  2,3-dini trosuccinoni t r i l e  

have also been prepared. The reactants and conditions which proved suc- 

cessful involved the use o f  n-propyl n i t r a t e  and potassium ethoxide i n  

react ion w i th  succ inon i t r i l e  a t  0'. The use o f  potassium t-butoxide o r  

potassium amide y ie lded c h i e f l y  potassium n i t r i t e .  Apparently, 

these bases are too strong and react  w i t h  the n i t r a t e  instead o f  
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WITUCKI, MAYA AND FRANKEL 

the  a c t i v e  methylene compound. Amy1 n i t r a t e  and methyl n i t r a t e  were a l so  

inves t iga ted  i n  t h i s  reaction. Amy1 n i t r a t e  gave very low y i e l d s  whereas 

methyl n i t r a t e  d i d  no t  g i ve  the  desired product. 

The crude product ( I )  i s  a hygroscopic black mater ia l  which i s  p u r i f i e d  

t o  a ye l low c r y s t a l l i n e  s o l i d  by methanol wash fo l lowed by r e c r y s t a l l i z a t i o n  

from water/ isopropyl  alcohol. Character izat ion was accomplished by complete 

elemental analyses o f  both the  dipotassium and d i s i l v e r  s a l t s  o f  I. The 

disodium s a l t  was prepared by passing the  dipotassium s a l t  through an i o n  

exchange column. The d i r e c t  p repara t ion  o f  the  disodium s a l t  using sodium 

ethoxide i n  the  synthesis was no t  successful. The d i ch lo ro  compound was 

prepared by the d i r e c t  c h l o r i n a t i o n  o f  I ;  i t  was a l so  obtained as a by- 

product of the attempted n i t r a t i o n  o f  I w i t h  C1N02. 

i s  a low mel t ing  hygroscopic so l id .  

sodium, and s i l v e r )  are ye l l ow  t o  orange sol ids.  They do n o t  e x h i b i t  the  

c h a r a c t e r i s t i c  n i t r o  absorpt ion i n  the  6.0-6.4~1 region o f  the  i n f r a r e d  bu t  

have s i x  major absorptions i n  the  regions 4.4-4.611, 6.8-7.2~, 7.5-7.9~1, 

8.5-8.711, 10.0-10.311 and 13.7-14.0~1. U1 t r a v i o l e t  spectra of the  s a l t s  

e x h i b i t  a major peak i n  the  range o f  3 2 5 - 3 5 0 ~ .  

The d i ch lo ro  compound 

The d i n i t r o n a t e  s a l t s  (potassium, 

The s t a b i l i t y  o f  these s a l t s  i s  in te res t ing .  Although they burn very 

energet ica l l y ,  p a r t i c u l a r l y  the d i s i l v e r  sa l t ,  they appear t o  be q u i t e  

s tab le  both t o  heat and shock. 

the  dipotassium and disodium s a l t s  me l t  a t  274" and 290" respec t ive ly  

w i t h  decomposition. 

The d i s i l v e r  s a l t  explodes a t  162" wh i l e  

EXPERIMENTAL 

Succ inon i t r i l e ,  propyl  n i t r a t e  and amyl n i t r a t e  were obtained comnerc- 
i a l l y .  
method o f  Desseigne.$ Me1 t i n g  po in ts  are uncorrected. I n f r a r e d  spectra 
were run  on a Perkin-Elmer 137 In f raco rd  Spectrophotometer and U l t r a v i o l e t  
spectra were obtained on a Cary 14 UV-Visible Spectrophotometer. 

Methyl n i t r a  e was prepared i n  t h i s  labora tory  according t o  the  
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DINITRONATE SALTS OF SUCCINONITRILE 

Dipotassi un-a.a'-Dini trosuccinoni tri 1e.- Potassi urn ethoxide (0.256 mole) 

was formed in situ from l o g  (0.2569 atom) o f  potassium and 75 m l  o f  ethanol. 

Ether (120 m l )  was added dur ing t h i s  step t o  help s o l u b i l i t e  the ethoxide. 

To t h i s  so lut ion a t  0' was added dropwise a mixture o f  10.29 (0.128 mole) 

o f  succ inon i t r i l e  and 29.49 (0.28 mole) of propyl n i t r a t e  i n  100 m l  o f  

benzene. The react ion mixture was maintained a t  0' during t h i s  addi t ion 

and then s t i r r e d  a t  0' overnight. The resu l t i ng  brown s l u r r y  was f i l t e r e d  

and the s o l i d  was dr ied in vclcuo over phosphorous pentoxide t o  y i e l d  89 o f  

crude dipotassium-a,a'-dinitrosuccinonitrile. Addit ion o f  ether t o  the 

f i l t r a t e  y ie lded an addi t ional  39 o f  crude material. A l l  operations were 

ca r r i ed  out i n  a ni t rogen atmosphere. The crude material, which i s  hygro- 

scopic, was p u r i f i e d  by washing w i th  about 30 mls o f  methanol and then 20 

mls o f  acetone followed by decolor izat ion from a 40" aqueous so lut ion and 

f i n a l l y  r e c r y s t a l l i z a t i o n  from water/isopropyl alcohol. The p u r i f i e d  

mater ia l  was a yel low sol id,  mp. 274"(dec.). The t o t a l  overa l l  y i e l d  o f  

p u r i f i e d  mater ia l  was 4.79 (15%). 

A W L  Calcd f o r  C4N404K2: C, 19.51; N, 22.76; 0, 26.02; K, 31.71 

Found: C, 19.73; N, 22.71; 0, 25.85; K, 31.21 

D is i  1 v e r - a d - D i n i  trosuccinoni tri1e.- The d i s i  l v e r  s a l t  was prec ip i ta ted 

from solut ion when s i l v e r  n i t r a t e  was added t o  an aqueous so lut ion o f  the 

dipotassium sal t .  The yellow-orange d i s i l v e r  s a l t  was nonhygroscopic; 

i t  d i d  not melt  but  ra ther  exploded a t  162". The y i e l d  was quant i tat ive.  

A ~ Z .  Calcd fo r  C4N404Ag2: C, 12.50; N, 14.58; Ag, 56.25; 0, 16.67 

Found: C, 13.06; N, 14.02; Ag, 55.80; 0, 16.02 

Disodium-a,a'-Dinitrosuccinonitri1e.- The disodium s a l t  was formed by 

passing an aqueous so lut ion of 1.59 of the dipotassium s a l t  through an i on  

exchange column 6 inches long and 18mm i n  dia. (Dowex 50 W-X8 i n  the sodium 

form). The disodium s a l t  was i so la ted  by evaporating the eluent and dry- 
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WITUCKI,  MAYA AND FRANKEL 

i n g  in t)acuo over phosphorous pentoxide. 

melted a t  290’ (dec.). The y i e l d  was quant i ta t i ve .  

a,a’-Dichl oro-a,a’-Dini t rosucc i  noni tri 1 e.- D i  potassi  um a,cl’-di n i  t rosuccino- 

n i t r i l e  ( l g )  was suspended i n  50 m l  anhydrous e ther  and cooled t o  0’. 

Chlor ine was bubbled i n  s lowly u n t i l  the  s a l t  was decolor ized and the  so l -  

u t i o n  turned yel low. 

in uucuo. There remained a mix tu re  o f  wh i te  s o l i d  and ye1 ow o i l .  The 

wh i te  s o l i d  hygroscopic product was removed by subl imat ion o f  40-50°/lmm. 

The y i e l d  was 0.389 (40%). 

AnaZ.  Calcd f o r  C4N404C12: C, 20.1; C1, 29.7 

Found: C, 20.0; C1, 29.9 

The r e s u l t i n g  ye l low s o l i d  

The mix tu re  was f i l t e r e d  and solvent was removed 
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