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The reac t ion  of N-eh l o rom e t hy I -N-n i t r amines  with nucleophil ic reagents  is fa i r ly  widely used in the syn-  
thesis  of var ious  functional der iva t ives  of n i t r amines  [1-4]. The in terac t ion  of recent ly  synthesized N-halo-  
me thy l -N-n i t r amides  [5] with a s e r i e s  of nucleophilic reagents  has been studied by us with the a im of clar i fying 
the poss ib i l i ty  of an analogous synthesis  of der iva t ives  of N-n i t r amides  and the main pr inc ip les  of the react ion.  
The reac t ion  of N-ha lomethy l -N-n i t roure thanes  (I) with sa l ts  of N-methy l to luene-p-su l fonamide  (II) has been 
studied most  completely.  It was es tab l i shed  that th ree  main products  were  formed,  viz.,  N - e a r b e t h o x y - N ' -  
t o luene -p - su l fonamide -N ' -me thy l -N-n i t rome thy l ened i amine  (IH), N-ca rbe thoxy-N-methy l to luene -p - su l fonamide  
(IV), and 1 ,5 -d i t o luene -p - s u l fony l - l , 5 -d i m e t hy l -3 -n i t r o - l , 3 , 5 - t r i a zapen t ane  (V). The format ion  of (III) and (IV) 

Et02CN(NO2)CH2Hal (I) 
Hal = C1 (a), Br (b), I (c) 

+ 
- -  + 

p-MeC~HaS01N (Me)M (II) 
M=Na (a), Ag (b) 

EtO~CN (NO2) CH2N(Me)SO2C~H4Me- p (III) 
C 

~ [ - .  Et02C N (Me)S02C~H4Me-p 

L [p-MeC~H~SO21N(Me)CH2]eNNOz 

is evidently explained by nucleophilic a t tack  by the anion (H) at  the methylene or  carbethoxyl  groups,  r e s p e c -  
t ively. Various schemes  may be proposed for  the format ion  of (V), pa r t i cu l a r ly  the following in which p r i m a r y  
a t tack  of the methylene group is a lso  proposed,  as for  the fo rmat ion  of (HI), but the role of the leaving group is 
taken not by C1- but by the n i t romethane anion. The ra t io  of products  depends on the c h a r a c t e r  of the halogen 

Et0~CN(NO~)CH2Hal + p-MeC6H~SO2N(Me)M ~ p-MeC6H~S02NCH~C1 + EtO2CN(NO2)M 
t 

Me 
(III) + (II) ~ p-MeCsH4S02N(Me)CH2N(N02)M + (IV) 

p-MeCoH4S0~N(Me)CH2N(NO~)M + p-MeCeH~SO~N(Me)CH2Hal --* (u + MHal 

in (I) and the meta l  in (II) (Table 1). The p re fe ren t i a l  format ion  of the product  of n i t ramidomethyla t ion  (HI) was 
observed when using the Ag+ sa l t  (lib) due to the high affinity of Ag+ for  halogen and the e lec t rophi l ic  coope ra -  
t ion of the i r  substi tuents.  It should be mentioned that of the halogen der iva t ives  (I), the bromo der ivat ive  fib) 
gave the best  r esu l t s ,  which is explained by the mobili ty of Br  in compar i son  with C1 in (In) and the seemingly  
lower  s tabi l i ty  of the iodo der ivat ive  (Ic) in compar i son  with (Ib). Compound ffa) is a l so  a comple te ly  acceptable  
n i t ramidomethyla t ing  agent, which was demons t ra ted  by its react ions  with Ag + sal ts  of ni tr ic  and nitrous acids ,  
N-n i t ro to luene-p-su l fonamidc ,  and N-ni t roe thylure thane  (Table 2). 

TABLE 1. Yields of Products  f r o m  the React ion of N-Halomethy l -  
N-ni t roe thylure thanes  (I) with Na + (IIa) and Ag+ (IIb) Salts of N- 
Methyl toluene-p-  sulfona mide 

Reactants 

{i) 

(la) 
(Ia) 
(Ib) 
(Ib) 
(~c) 
(tel 

(II) 

(IIa) 
(Ub) 
(IIa) 
(IIb) 
(IIa) 
(IIb) 

TaN (Me) CH2N (NO=) �9 
�9 covet (ni) 

11 
37 
19 
62 

Yield of products, % 
TsN (Me) CO~I~t (TsN --GIIz)2NN 02 

{IV) l~le iv) 

49 23 
24 17 
39 20 

31 58 
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As is evident f r o m  the data obtained and those p resen ted  in [5], the yields of the n i t ramidomethyla t ion  
reac t ion  were  reduced according  to the extent  of the t rans i t ion  f r o m  nucleophiles in whiehthe charge is centered 
on the group VII a toms (Br-~ I - )  to nucleophiles with the charge localized on the group VI a t o m  (NO2- , NOB-) and 
then to nuclophiles with delocal ized charges  on the group VI and V atoms (anions of N-n i t ramides) .  The low 
yields of n i t ramidomethyla t ion  products  in the case of n i t ramide  sa l t s  a re  seemingly  explained not only by the 
poss ibi l i ty  of aeylat ion of amides  but a l so  by the format ion  of unstable der iva t ives  at the second center  of the 
ambident  anion, viz.,  the O a tom of the ni t ro group. Evidently it  is poss ible  to explain by the la t te r  c i r c u m -  
stance the unsuccessfu l  a t tempts  at n i t ramidomethyla t ion  by Na +, Et3NH +, o r  Ag + sa l t s  of methylni t ramide  in 
react ions  with (Ia) s ince a lky ln i t ramines  a re  more inclined to undergo e lec t rophi l ic  a t tack  at the oxygen of the 
NO 2 group than are  N-n i t r amides .  

Besides the nature of the halogen in (1), the nucleophilic reagent ,  and the nature of the counter  ion in it, 
there  is s t i l l  one fac to r  showing to a l e s s e r  extent an influence on the yields of n i t ramidomethyla t ion  product.  
This is the re la t ive  act ivi ty  of the acidic residue in the N-ha lomethy l -N-n i t r amide  toward nucleophilic attack, 
a reduction of which must  be conducive to an inc rease  in the yield of n i t ramidomethyla t ion  products .  Con- 
f i rmat ion of this may be se rved  by the reac t ion  of Ag + sal ts  of N-n i t ro to luene-p-su l fonamide  (X) with N - c h l o r o -  
methy l -N-n i t romethanesu l fonamide  (XI) in which the yield of n i t ramidomethyla t ion  product  was ~1.5 t imes  
g r e a t e r  than for  the analogous react ion  of (X) with (Ia). 

MeSO~N(NO2)CH~C1 + AgN(NO~)SO~C~H4Me-p --* 
(xi) (x) 

MeSOsN(NOs)CH~N(NO~)SOsCsH4Me- p (XII) 56% 

EXPERIMENTAL 

General Procedure for Reactions of N- Halomethyl-N-nitroethylurethanes (1) with Na+ and Ag + Salts of. 
N-Methyltoluene-p-suifonamide (II). compound (II) (36 mmole) was added to a solution of (I) (33 mmole) in abs. 
MeCN (I0 ml) and stirred for 7 h at ~25~ The precipitate was filtered off and the solution evaporated. 
Products were identified in the mixture by PMR spectra compared with spectra of known specimens. The 
filtered-off precipitate was placed in water (20 ml), acidified with H2SO4, extracted with CHCI 3 (5 • 15 ml), and 
the extracts dried over Na2SO 4. After evaporation of the solvent the organic residue was analyzed by PMR 
spectrum. The obtained results are presented in Table i. 

N-Carbethoxy-N'-toluene-p-sulfonyl-N'-methyl-N-nitromethylenedtamine (HI). A saturated solution of 
EtO2CN(NO2)Ag (0.9 g, 37 mmole) was added to a solution of p-MeC~H4SO2N(Me)CH2CI (0.9 g, 37 mmole) in abs. 
MeCN and stirred for 2 h. The solid was filtered off and the solvent evaporated. Absolute Et20 (15 ml) was 
added to the oily residue and the mixture placed in a Dewar vessel with dry ice for 2 h. The solid which 
separated was filtered off and washed with Et20. Compound (III) (0.9 g, 71%) of mp 76.5-77.5~ (C~H6-hexane) 
was obtained. PMR spectrum (CDCI3, 6,ppm):l.30 t (MeCI~), 2.34 (MeC6H4) , 2.82 s (MEN), 4.27 q (CH2Me) , 
5.32 s (CH2) , 7.40 q (H-arom.). IR spectrum (v, era-i): 1780 (C=O), 1608, 1270 (NNO2) , 1348, 1170 (S----O). 

Found: C 43.65; H 5.13; S 9.62%. CI2HITN306S. Calculated: C 43.55; H 5.14; S 9.68%. 

N-Carbethoxy-N-methyltoluene-p-sulfonamide (IV). p-MeCGH4SO2N(Me)Na (2.07 g, I0 mmole) was added 
in portions to a solution of EtOCOCI (1.09 g, I0 mmole) in abs: MeCN (20 ml) and stirred for 4 h at 30-40~ 
The precipitate was filtered off, the solvent evaporated, and the residue distilled. Compound (IV) (2.0 g, 78% of 

o 21 bp 133 C) (0.7 ram) and nD 1.4563 was obtained. PMR spectrum (acetone-d6, 5, ppm): i.i0 t (MeCH2) , 2.34 s 
(MeC6H4) , 3.33 s (MEN), 4.03 q (CH2Me), 7.55 q (H-arom.). IR spectrum (v, cm-l): 1750 (C=O), 1610 (C =C), 
1300, 1175 (S =O). Found: C 51.11; H 5.93% CIIHIsNO4S. Calculated: C 51.40; H 5.84%. 

1,5-Ditoluene-p-sulfonyl-l,5-dimethyl-3-nitro-l,3,5-triazapentane (V) (isolated from the reaction mixture} 
Mp 188-189.5~ (from ETCH). Spectrum (d6-DMSO , 6, ppm): 2.34 s (MeC6H~) , 2.82 s (MEN), 5.18 s (CH2) , 7.56 q 
(H-arom.). IR spectrum (KBr,v, era-l): 1610 (C =C), 1558, 1292 (NNO2) , 1344, 1160 (S=O). Found: C 47.25; H 
5.28%. CisH24N40~S 2. Calculated: C 47.38; I15.27%. 

N-Nitroxymethyl-N-nitroethylurethane (VI). AgNO 3 (0.93 g, 54.8 mmole) was added to a solution of (Ia) 
(0.5 g, 27.4 mmole) in MeCN (I0 ml). The mixture was stirred for 1.5 h at ~20~ The solid was filtered off 
and the solvent evaporated. The residue was treated with abs. Et20 (20 ml). The solid was filtered off and Et~O 
evaporated. Compound (VI) (0.39 g ) was obtained. 

N-Hydroxymethy l -N-n i t roe thy lu re thane  nitri te e s t e r  (VII) was obtained in a manner  analogous to (VI). 
St i r r ing t ime was 4 h a t  ~20~ 

2422 



N-Carbe thoxy-N ' - to luene -p - su l fony l -N ,N ' -d in i t rome thy lened iamine  (VIII). p-MeCGH4SO2N(NO2)Ag (X) 
(1.8 g, 81 mmole) was added to a solution of (Ia) (0.98 g, 54 mmole)  in MeCN (10 ml), the mixture  s t i r r e d  for  
2 h at ~20~ and then boiled for  4 h, The solid was f i l tered off and the solvent  evaporated.  The res idue  was 
sepa ra ted  by ch romatography  on s i l ica  gel (C6H6). Compound (VIII) (0.8 g) was obtained. 

Methy lene-b i s -N-n i t roe thy lu re thane  (IX). A solution of EtO2CN(NO2)Ag (0.91 g, 38 mmole)  in abs.  MeCN 
(40 ml) was added to a solution of (Ia) (0.46 g, 25 mmole) in MeCN (10 ml). The mixture  was s t i r r ed  for  7 h 
at 20~ and 7 h at 80~ The solid was f i l tered off and the solvent  evapora ted .  The res idue  was separa ted  by 
ch romatography  on s i l ica  gel (Et20: C6H~-1:4). 

1 -Me thanesu l fony l -3 - t o l uene -p - s u l fony l - l , 3 -d in i t r o - l , 3 -d i azap ropane  (XII), Compound (X) (0.49 g, 29 
mmole)  was added to a solution of (XI) (0.39 g, 20 mmole) in abs. MeCN (40 ml) and the mixture  boiled with 
s t i r r i ng  fo r  10 h. The solid was f i l tered off, the soivent evapora ted ,  the oily res idue  was t r ea ted  with H20 (30 
ml), the c rys ta l l ine  substance  was f i l tered off, washed with EtOH, and a i r -d r i ed .  Compound (XII) (0.3 g, 56%), 
mp 148.5-150~ ( f rom EtOH) was obtained. PMR s p e c t r u m  (d~-DMSO, 5, ppm): 2.34 s (MeC~H4) , 3.67 s (MeSO2) , 
6.45 s (CH2) , 7.65 q (H-arom.) .  IR spectrum (KBr, v, cm- i ) :  1610, 1295 (NNO2) , 1380, 1395, 1200, 1187 (S =O). 
Found: C 29.39; H 3.31; S 17.2%. CgH12N40~S 2. Calculated:  C 29.39; H 3.26; S 17.40%. 

C O N C L U S I O N S  

The main fea tu res  of the reac t ion  of N-ha lome thy l -N-n i t r amides  with nucleophil ie reagents  have been 
es tabl ished.  

1. 
2. 

3. 
4. 
5. 
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NITROYLIDES 

8. INTERACTION OF IODONIUM NITROMETHYLIDES WITH AROMATIC 

COMPOUNDS 
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It was shown p rev ious ly  that  n i t romethyl ides  of iodine a re  capable of t r a n s f e r i n g  the i r  n i t romethylene  
f ragment  to a he t e roa tom with a f ree  p a i r  of e lec t rons  with the format ion  of new ni t romethyl ides  [1, 2]: 

ArI --  C (X)NO, -t- RnE: --~ ArI d- Rn~ ---C(X}N02 

In the p r e sen t  work  the in te rac t ion  has been invest igated of iodonium ni t romethyl ides  with a different  type 
of donor,  viz. ,  donors of 7c-electrons (Tr-donors). Aroma t i c  hydrocarbons  p o s s e s s i n g  addit ional  nucleophil ie 
and a lso  a s table closed s y s t e m  of s - e l e c t r o n s  were  chosen as s - d o n o r s .  Dini t romethyl ides  of iodine were  
se lec ted  as models  in react ions  with liquid de r iva t ives  of benzene since it was then poss ib le  to opera te  without 
solvent,  which often in te rac t s  with iodine n i t romethyl ides .  

Phenyliodonium dini t romethyl ide  (I), unstable in the c rys ta l l ine  s tate  and decompos ing  in 2-3 rain af ter  
i sola t ion [3], was decomposed  s ignif icant ly  more  slowly (~50 rain on shaking) in suspens ion  under  a l ayer  of 
benzene at N20~ with the fo rmat ion  of a homogeneous solution. According to GLC and TLC data, the re  were  
only two products  in the reac t ion  mixture,  viz. ,  iodobenzene and phenyldini t romethane (II): 
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