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S Y N T H E S I S  O F  A L ! P H A T I C  ~ - I O D O N I T R O  C O M P O U N D S ,  

N - I O D O - N - N I T R O A M t N E S ,  AND N - I O D O I M I D E S  O F  

O F  C A R B O X Y L I C  A C I D S  

A o L .  F r i d m a n  a n d  S. S. N o v i k o v  UDC 542.91:547.414.8 

Aliphatic a - iodoni t ro  compounds a re  difficult  to synthesize.  They a re  usually synthesized in low yields 
by react ing Ag, K, or  Na sal ts  of ni t ro  der iva t ives  with iodine [1-4]. The synthesis  of iodonitrodimedone by 
iodination of the potass ium salt  of ni t rodimedone by the complex of IC1 with dioxane has been descr ibed  [5]. 
a - Iodopolyni t roalkanes  and the i r  functional der iva t ives  have scarce ly  been known until now. N-Iodo-N-ni t ro-  
amines  have not been desc r ibed  in the s e r i e s  of N-ha lo-N-n i t roamines .  Never the les s ,  such compounds a re  of 
i n t e re s t  fo r  the study of t he i r  p rope r t i e s  and physiological  activity owing to the p r e sen ce  in them of a posi t ively 
po la r i zed  halogen on a C o r  N atom. T h e r e f o r e ,  the development of convenient  methods fo r  the synthesis  of 

- iodoni t ro  compounds r ema ins  a t imely  problem in the chemis t ry  of n i t ro  der iva t ives  [6]. 

We found that the potass ium sal ts  of polyni t roalkanes and the i r  functional der iva t ives  readi ly  r eac t  with 
IC1 to fo rm the corresponding a- iodopolyni t roalkanes  with good yie lds .  The reac t ion  proceeds  under mild con-  
ditions in a medium of iner t  solvents or  in water .  The d i rec t ion  of the reac t ion  is due to the positive po la r iza -  
t ion of iodine in ICI [7]. 

RC(NO2)2K -V IC1 -+ RC(NQ)2I + KC1 
R ---- NQ (I); CH3(II); CHaOCOCH.CH2(III); C2HsOCOCH~OCOCH~CH2(IV);: 

C~HsOCOCH2OCOCH(CH3)CH2(V); O~.NOCH2CH2N(NO2)CH2(VI); 
I C(NQ),CH2OCH2OCH~(VI I); CH20COCH2N(NQ)CH2(XI ) 

The possibi l i ty of replacing a mobile hydrogen by iodine has been  demons t ra ted  in the case  of n i t roform.  
Unlike the case  of the potass ium salt  of n i t roform,  this r eac t ion  resu l t s  in a small  yield of iodotr ini t romethane 
when the reac tan ts  a re  boiled in CC14o As the reac t ion  t ime  is increased  f rom 10 to 30 rain, the yield of iodo- 
t r in i t romethane  inc reases  f rom 5 to 36%. 

The iododini tromethyl  group was found to be stable in concent ra ted  HNO3. This made it possible  to c a r r y  
out the synthesis  of b i s (2- iodo-2 ,2-d in i t roe thy l ) -N-n i t roamine  (IX) f rom b is (2- iodo-2 ,2-d in i t roe thy l ) -N-n i t ro -  
soamine (VIII) 

CH2C (NO.~h I CHzC (NOz)2 I 
/ H~'o. / ON--N ~ O~NN 
\ \ 

CHiC (N02)~ I CH2C (NO2h I 
(vm) (ix) 

N. D. Zelinskii  Institute of Organic Chemis t ry ,  Academy of Sciences of the USSR, Moscow. Trans la ted  
f rom  Izves t iya  Akademii Nauk SSSR, Ser iya  Khimicheskaya,  No. 9, pp. 2058-2061, September,  1977. Original 
a r t i c le  submitted June 22, 1976. 
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TABLE I. ~ - I o d o n i t r o  Compounds  

C o r n -  

pound[ c~-Iodo derivative 

(I) ] Iodotrinitromethane 

[II) I2-Iodo-2, 2-dinitroethane 

q [II)/Methyl 4-iodo-4,4- 
dinitrobutyrate 

IV) / Ethyl 4-iodo-4, 4-dinitrobu- 
l tyryl_hydroxyacetate 

(V) Ethyl 2-methyl-4-iodo-4, 
4-dinitrobutyrylaeetate 

VI) 2-Iodo-2, 2-dlmtroethyle- 
thanol-N-nitmamine 
nitrate 

gII) Bis(2-iodo- 2, 2-dinitro- 
ethyl)formal 

(' l id  Bis(2-iodo-2,2-dinitro- 
ethyl)-N-nitrosoamine 

fiX) Bis(2-iodo- 2, 2-dinitro - 
ethyl)-N-nitroamine 

(X) Bis(2-iodo-2, 2-dinitro o 
ethyl)ethylene-N,N' 
-dinitrodiarnine 

[Xl) Me~vl 2-iodo-2,2-dinitro. 
ethyl-N-nitroamino - 
acetate 

(XII) N, N' -Diiodo-N,N' -dinitro ~ 
ethylenediamine 

(XIII) N,N'- Diiodo-N, N' -dinkro- 
hexamethylenediamine 

~Z 

71 

85 

76 

64 

60 

68 

mp, ~ 
(solvent) 

55-56 
(n-hexane) 
-2,5+-2 

(n-hexane) 
59-60 

(ethanol) 

57-58 
(methanol' 

--HzO) 
39 -4t 

(methanol 
-H~O) 

79-80 
(cch) 

84 52-53 
(HN0a-H20) 

75 87-88 
(HNO~-H20) 

87 t37-t38 
(HN03) 

91 16i-162 
(HNOs) 

80 90-91 
(CO10 

20 t36-137 
(acetone-CC1 

19 80-8t 
(acetone-CC1 

Empirical 
formula 

] C1N306 

C2H.INzO~ 

CsHTIN206 

CTHI,IN~08 

CsH~3IN20s 

C~H6IN~09 

CsH6I~N~Oio 

C~H~IzNsO, 

C~H4I~NsOlo 

CeH~I~NsO,2 

CsHTIN~O. 

C~H~I2N~O~ 

CsHI2I~N~O~ 

Found , % 
calculated 

I N 

45,64 15,23 
45,84 "15,16 
51,94 ti,52 
5i,70 it,38 
40,23 9,02 

,39,93 8,80 

32,73 7,86 
32,56 7,17 

31,61 7,t6 
31,43 6,93 

32,34 i7,99 
32,t5 17,72 

47,64 t0,7i 
47,38 10,44 
47,86 i5,92 
47,56 t553 
46,20 t5,35 
46,i8 15,27 
40,15 t3,43 
39,81 t3,15 

33,46 t5,02 
33,59 t4,81 

63,ii t3,8t 
t3,93 

55,24 12,45 
Y~-,~ I 12,22' 

The s y n t h e s i s  of  n i t r a m i n e  IX by a no t he r  me thod  is  diff icul t ,  s ince  in a n u m b e r  of  c a s e s  2 , 2 , 2 - t r i n i t r o e t h y l - N -  
n i t r o a m i n e s ,  p a r t i c u l a r l y ,  b i s ( 2 , 2 , 2 - t r i n i t r o e t h y l ) - N - n i t r o a m i n e ,  unde rgo  d e s t r u c t i o n  upon r educ t ion  by KI u n -  

l ike 2 , 2 , 2 - t r i n i t r o e t h y l - N - n i t r o s o a m i n e  s. 

The a - i o d o n i t r o  c o m p o u n d s  obta ined (Table 1) a r e  white  o r  l ight  ye l low c r y s t a l l i n e  compounds  with a 
weakly  e x p r e s s e d  t e a r - e x c i t i n g  ac t iv i ty .  The c o m p o u n d s  a r e  s tab le  dur ing  s to rage  in a cold  da rk  p lace .  

We w e r e  a l so  able  to involve the p o t a s s i u m  sa l t s  of  N - n i t r o a m i n e s  in the  r e a c t i o n  with IC1, i .e. ,  

N(NO~)K N(N02) I 
/ / 

(CHz)n n u 2IC1 --. (CH2)n -}- 2KCI 
\ \ 

N(NO.z)K N(NOz)I 
n=2(XH); 6(XIII) (XII), (XIII) 

Unlike the  ~ - i odopo l yn i t r oa l ka ne s ,  the N - i o d o - N - n i t r o a m i n e s  p repaxed  in th is  m a n n e r  a r e  uns tab le  and a r e  
r ead i ly  h y d r o l y z e d  by ,'.he m o i s t u r e  in the a i r  to  f o r m  p r i m a r y  n i t r o a m i n e s .  

The  ~ - iodod in i t ro  d e r i v a t i v e s  and the  N - i o d o - N - n i t r o a m i n e s  rap id ly  and quant i ta t ive ly  oxidize  KI and 

u n d e r g o  r educ t ive  h y d r o x y m e t h y l a t i o n  [8]. 
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The method involving iodination by ICI p roved  to be  sui table for  the synthes is  of the hard to, synthesize  
N- iodo imides  of ca rboxyl ic  acids ,  which a r e  sou rces  of "pos i t ive  n iodine and se rve  as effect ive iodinating agents  
[7], accord ing  to the scheme  

o o 
/ / 

I - c  R[ - - c  \ \ 

0 o 
(xIv), (xv) 

R=CHaCH2 (XIV); C6H4 (XV); X=K, Na 

Thus, the reaction involving the replacement of alkali metals in organic compounds by iodOae with the aid 
of ICI is clearly a general reaction. This method of iodination is exceptionally simple and, unlike the other 
methods, permits more complete utilization of the iodine introduced into the reaction system for the synthesis 
of the iodo derivative. The last fact may be of great importance in the development of technical methods for 
the synthesis of lode derivatives. 

EXPERIMENTAL 

The potassium salts of the nitro compounds were prepared by the reduction of the respective trinitro- 
methyl derivatives by KI according to the method in [9-12]. The potassium salts of the N-nitroam~nes were 
obtained by the todoalkalinization of the nitroamines by KOH in methanol. 

Methyl 4-1odo-4,4-dinitrobutyrate (HI). a. A 0.7-g portion of ICl in 20 ml of CCI 4 was added to a suspen- 
sion of 1.0 g of the potassium salt of methyl 4,4-dinitrobutyrate [9] in I0 ml of CCI 4 at I0-15~ The mixture 
was stirred for 20 to 30 mirL, and the KCI precipitate was filtered. A~er ~he evaporation Of the raother liquid 
and the unreacted ICl, 1.0 g (76%) of HI was obtained with mp 59-60~ 

Compounds I, H, IV, V, and VII were obtained in an analogous manner. In the case of the synthesis of VI, 
VIII, X, and XI, the reaction mixture was heated to boiling for I to 2 rain. 

b_2. A !.4-g portion of a freshly prepared solution of ICl in I0 ml of methanol was added with stirring at 
5-I0~ to a suspension of 2.0 g of the potassium salt of methyl 4,4-dinitrobutyrate in 50 ml of w~.~er. A yellow 
(sometimes dark) precipitate instantly appeared. The latter was separated, washed with water, dried, and re- 
precipitated by water from a methanolic solution. The yield of Ill was 2.4 g (88%), nap 59-60~ The compound 
did not Cause any melting-point depression when mixed with the compound obtained according to method a~ 

Compounds VHI (82% yield) and X (88% yield) were synthesized in an analogous manner. 

Bis(2-iodo-2,2-dinitroethyl)-N-nitroamine (IX). A 0~5-g portion of nitrosoarnine VIII was added with stir- 
ring at 18-20~ to 15 ml of fuming HNOa, and the mixture was held at that temperature for 30 to 35 rnir~ The 
precipitate formed was reerystallized from the reaction mixture, filtered, washed with water, and dried. The 
yield of IX was 0.45 g (87%), mp 137-138~ 

Iodotrinitromethane (I). A solution of 5.0 g of nitroform and 5.4 g of [Cl in 50 ml CCI 4 was boiled for 90 
rain. Evaporation of the solvent and the unreaeted nitroform and ICl yielded 1.0 g (10.9%) of compound I, which 
did not cause any melting point depression in a mixed sample with a known specimen [I]. 

N,N'-Diiodo-N,N*-dinitroethylenediamine___~II). An equimolar portion of ICI in 20 ml of CCI 4 was added 
to 5.0 g of the dipotassium salt of N,N'-dinitroethylenediamine in 40 ml of CCI 4. The mixture was stirred for 
2 h at ~ 25~ and the precipitate was separated and dried. The material obtained was treated with 50 ml of dry 
acetone, and XII was precipitated out from the acetone extract by an addition of CCIr The yield of XII was 1.8 g. 

Der iva t ive  X]II was  obtained in an analogous manner .  

N-Iodophthal imide (XV). A 5.0-g por t ion of IC1 in 15 ml  of CHC13 was added to a suspension of 5.0 g of 
the sodium sal t  of phthal imide in 30 ml  of CHCI> The t e m p e r a t u r e  then inc reased  f r o m  20 to 30~ The m i x -  
t u r e  was  thoroughly s t i r r e d  with thorough grinding of the lumps,  brought  up to boiling, and again s t i r r ed  for  1 h 
at ~ 20~ The p rec ip i t a te  was  f i l te red,  washed with CHCla, dried,  and r e c r y s t a l l i z e d  f r o m  dry CHsCN or  p r e -  
c ipi ta ted out f r o m  anace t on i t r i l e  solut ionby ethyl  e the r  (prolonged heating in CHsCN re su l t s  in decomposi t ion 
of the product) .  Evapora t ion  of the c h l o r o f o r m  mo the r  liquids yielded an additional amount of N-iodophthal imide.  
The tota l  yield of XVwas  8.8 g (89%), mp209-212~ Found: I 45.8%. CalculatedforCsH4INO2: I 45.6%. 
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N-Iodosuccinimide (XIV) was synthesized in an analogous manner with a 95% yield, mp 187-190~ 
Found: I 55.9%. Calculated for C4H4INO2: I 56.6%. 

All the compounds were analyzed for the relative concentration of active iodine in them according to the 
method in [13]. The relative concentration of active iodine in the N-iodo-N-nitroamines and N-iodoimides 
gradually decreases during storage; therefore, it is recommended that these compounds be used for 1 to 3 days 
after being synthe sized. 

C O N C L U S I O N S  

1. The reaction of the potassium salts of polynitroalkanes, their  functional derivatives, nitroamines, and 
imides of carboxylic acids with IC1 in a medium of inert solvents or in water results in the formation of the 
corresponding ~-iodonitro derivatives, N-iodo-N-nitroamines, and N-iodoimides of the carboxylic acids. 

2. The possibility of the replacement of a mobile hydrogen by iodine when nitroform is reacted with 
iodine monochloride has been demonstrated. 
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T H E  R E A C T I O N  OF F L U O R I N E - C O N T A I N I N G  ~ - A L K O X Y V I N Y L  

K E T O N E S  AND f i - D I K E T O N E S  W I T H  I S O C Y A N I D E S  

L .  A. S i m o n y a n ,  E. A. A v e t i s y a n ,  UDC 542.91:547.384'161:547.239.1 
Z.  V. S a f r o n o v a ,  and  N. P .  G a m b a r y a n  

Trifluoromethyl/~,f~-dimethylvinyl ketone reacts with isocyanides to form 1,4-cycloaddition products [1]. 
Hexafluoroisopropyl ~,~-dimethylvinyl ketone (1) reacts with isocyanides in the same way 

H 
C--C(CH~)~ 

C = N R  

(C ~'~)2CHCCH=C(CH3)~ - j \ H~O+ (CF3)2CHC C=NR IL \ / 
o (1) o (H) 

-~ (CFs)~CHCOCH~C(CHa)~CONER (III) 
R = C6Hll 

Attempted addition of isocyanide to trifluoromethyl fi,~-diethoxyvinyl ketone resulted in isomerization of 
the ketone to the ester  as a result of 1,5-alkyl shift from the enolic oxygen to the carbonyl oxygen [2] 
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