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There  is hard ly  any informat ion  in the I i t e r a tu re  on the covalentiy cons t ruc ted  he te roorgan ie  de r iv -  
a t ives  of n i t r amines .  A number  of organot in  de r iva t ives  of a lky ln i t ramines  was obtained in [1], and it 
was shown that they a r e  all  compounds in which the tin is pentavalent ,  is a t tached to the ni trogen big a 
covalent  bond, and is coordinated at  the oxygen a tom of the NO 2 group. The silyl de r iva t ives  of ni~ramines 
(SDN) a r e  not desc r ibed .  

We found that  the s i lylat ion of me thy ln i t r amine  using (CH3)3SiNHCH 3, CH3C [OSi(CH3) 3] = NSi(CH3)a 
(B. S.A.) o r  N ,N ' -d ipheny t -N- t r ime thy l s i l y lu rea*  (I), o r  the s i lylat ion of the Ag sal t  of methy ln i t ramine  (II) 
with (CH3)aSiCI, leads  to the s ame  t au tomer ic  mix tu re  (III). 
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CHs--N = N~OSi(CH3)a ~_ CHa--N(NOo.)Si(CHs)a (1) 
(IIIa)(O ~derivative ) (IIIb)(N-derivative) 

The exis tence  of (III) as a t au tomer ic  mix tu re  was conf i rmed  by us p rev ious ly  by the data of NMR 
spec t roscopy  [21 and the IR spec t ra  (Fig. 1). It should be  ment ioned that rep lac ing  the hydrogen in 
CH3NIINO 2 by the Si(CH3) 3 group shifts  the band of the a n t i s y m m e t r i c  v ibra t ion  of the NO 2 group by nea r ly  
80 cm -1 toward lower  f requenc ies .  

In o r d e r  to a s c e r t a i n  the effect  of the c h a r a c t e r  of the subst i tuents  a t tached to the Si a tom ot~ the 
pos i t ion  of equi l ibr ium (1) we studied the reac t ion  of sal t  (E) with s i lanes  of genera l  fo rmula  RSi(CH3)2C1. 
The SDN were  also isola ted here .  

CH~GIz 
[CHsN(N0~)]Ag -t- RSi(CHs)~C1 _~g~ [CHaN(NO~)][(CHs)2SiR] 

(rv)-(w) (2) 
R ~-H (IV), ~-CsH7 (V), t-CtH9 (VI) 

Compounds (III)-(VI) were  c h a r a c t e r i z e d  by the e lementa l  ana lys i s ,  and by the NM-R and IR spec t ra .  
S imi la r  to compound (III), they r e p r e s e n t  t au tomer ic  m i x t u r e s  of the cor responding  O- and N-der iva t ives ,  
in which connection the amount of O-der iva t ive  in the equi l ibr ium mix tu re  i nc rea se s  with inc rease  both 
in the t e m p e r a t u r e  and in R: H < CH 3 < i sopropyl  << te r t -bu ty l .  

Compounds (III)-(IV) a r e  eas i ly  hydrolyzed by a tmosphe r i c  mo i s tu re ,  and they r eac t  with wa te r  and 
alcohols  to give me thy ln i t r amine  and the cor responding  silyl  der iva t ives .$  While they a re  stable at - 6 0  ~ 
they decompose  at 20 ~ in s eve ra l  days,  with the fo rmat ion  of s i loxanes and unidentified products .  The r e -  
act ion of the alkal i  me ta l  a lcoholates  with compounds (III)-(VI) gives the cor responding  methy ln i t ramine  
sal t  and a lkoxys i lanes .  

*At  the same  t ime,  me thy ln i t r amine  cannot be s i ly la ted with d imethy l t r imethy l s i ly iamine .  
t Apparent ly ,  compound (VI) is  a convenient  s i lyla t ing agent for  alcohols and r eae t s  with them m o r e  rapidly  
than does d ime thy l - t e r t -bu ty l ch lo ros i l ane  [3]. 
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T A B L E  1 
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Fig .  1. I n f r a r e d  s p e c t r a  of  compounds  
(III)-(VI) at  25~ 1) (IV); 2) (VI); 3) (V); 
4) (Ill); 5) ( I I I ) a t - 2 0  ~ 

The r eac t i on  of  sa l t  (II) with CH3SiH2Br and (CH3) 2- 
SiC12 g ives  unident if ied compounds  that d e c o m p o s e  rap id ly .  

E X P E R I M E N T A L  M E T H O D *  

CH3NHNO 2 [4], i ts  sa l t  (II) [5], and the s i ly la t ing  
agents :  (I) [6], (CH3)2SiCI (i-C3HT) [3], (CH3)2SiCI (t-C4Hg) 
[3], and B . S . A .  [7], w e r e  obtained by known p r o c e d u r e s .  
The e x p e r i m e n t s  on the syn thes i s  and t r a n s f o r m a t i o n s  of  
p r o d u c t s  (IlD-(VI) w e r e  run  in a d r y  a r g o n  a t m o s p h e r e .  
The NN[R s p e c t r a t  were  taken on a P e r k i n - E l m e r  R-12  
i n s t r u m e n t  (60 MHz), us ing  cyc lohexane  (5 1.4 ppm) as  the 
in te rna l  s t andard .  Below a r e  e n u m e r a t e d  the c h e m i c a l  
shif ts  of  the p r inc ipa l  f r a g m e n t s  encoun te red  in the s tudy:  
f o r  CH3NHNO2, CH 3 3.1; CH3N(NO2)Si(CH3)2R , CH 3 3.05; 
(CH3)3SiCI, CH 3 0.35; (CH3)2SiHCI , CH 3 0.35 d (J ~ 4 Hz); 
H = 4.8 m; (CH3)2Si(i-C3H7)C1 , (CH3) 2 0.28; i-C3H 7 1.0 m;  
(CH3)2Si(t-C4Hg)CI, (CH3) 2 0.3; t-C4H 9 0.95. 

The  ]lt s p e c t r a  of compounds  (III)-(VI) w e r e  taken in 
0.02 m m  cel l s ,  in CH2C12 solut ion,  on a UR-10  in s t rumen t .  

Genera l  P r o c e d u r e  fo r  Si lylat ion of Salt (1I) with 
R(CH3)2SiCI. To 0.04 mole  of  (H) in 30 ml  of CH2C12 at 20 ~ 
was  added 0.04 mole  of R(CH3)2SiCI (R = CH3, CH(CH3)2, H) 
in 10 ml  of  CH2C12, and the m i x t u r e  was  s t i r r e d  fo r  20 min  
(for R = C(CH3) 3 at  70 ~ fo r  ~4  h), f i l te red ,  the solvent  was  

r e m o v e d  in vacuo,  and the r e s idue  was  d is t i l led .  The  p r inc ipa l  p r o p e r t i e s  of  compounds  (III)-(VD a r e  given 
in Tab le  1. 

Reac t i ons  of  Methy ln i t r amine .  a) With CH3NHSi(CH3) 3. To a s t i r r e d  solut ion o f  CH3NHSi(CH3) 3 in 
4 ml  of  CH2CI 2 was  added 2.58 g of  CH3NHNO2, the oil  was  s e p a r a t e d  (1.2 g), the CH2CI 2 was  r e m o v e d  in 
vacuo,  and (III) was  d is t i l led  (the yie ld ,  when b a s e d  on the NMR data  us ing  an in te rna l  s tandard ,  was  45%). 
E t h e r  was  added to the oil  and the whole was  ac id i f ied;  the CH3NH 2 �9 HCI was  i so la ted  f r o m  the aqueous 
l a y e r .  F r o m  the e t h e r  we obta ined  CHaNI-INO 2 with mp  30 ~ [4] (does not give a d e p r e s s i o n  with an authent ic  
sample) .  

b) W i t h B .  S .A.  To l g o f C H 3 N H N O  2 i n 5 m l o f C H 2 C l  2 a t 2 0  ~ was  added 2 . 6 6 g o f B . S . A .  i n 5 m l o f  
CH2CI 2 and the m i x t u r e  was  s t i r r e d  fo r  15 min.  B a s e d  on the NMR data,  the y ie ld  of  p roduc t  (III) is quan-  
t i ta t ive .  

c) With Compound (D. To 1.87 g of  (I) in 5 ml  of CH2CI 2 at  20 ~ was  added 0.5 g of  CH3NHNO 2 in 5 ml  
of  CH2C12 and the m i x t u r e  was  s t i r r e d  at 20 ~ fo r  15 rain, f i l t e red ,  and the CH2CI 2 was  r e m o v e d  in vacuo.  
B a s e d  on the NMR data  us ing  an in te rna l  s tandard ,  the y ie ld  of  (III) was  75%, bp 56 ~ (17 mm) .  

Reac t ion  of  (VD with Methanol .  To  1.12 g of (VI) in 1 ml  of CH2CI 2 was  added 0.38 g of absolute  
CH3OH, t h e m i x t u r e  was  s t i r r e d  at 20 ~ fo r  6 h, the solvent  was  r e m o v e d ,  and d is t i l la t ion  gave 0.24 g of 
d i m e t h y l - t e r t - b u t y l m e t h o x y s i l a n e  with bp 56 ~ (95 mm) .  NMR s p e c t r u m  (in CH2C12): OCH 3 3.3, C(CH3) 3 
0.85, (CH3)2Si 0 (ratio of  s ignals  1 : 3 : 2). B a s e d  on the GLC data  (74 ~ 10% Apiezon  depos i ted  on C h r o m o -  
sorb) ,  the compound  is pu re .  The  r e s idue  conta ined  0.19 g of  CHaNHNO 2, mp 36-38 ~ (does not give a 
d e p r e s s i o n  with an authent ic  sample) .  

�9 L A. Mas l ina  p a r t i c i p a t e d  in the work .  
t All the c h e m i c a l  shif ts  a r e  g iven in ppm  us ing  HiVIDS as  the s tandard .  
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Reaction of (II) with KOCH 3. To 0.21 g of K in 10 ml of absolute CH3OH at 20 ~ was added 0.87 g (III) 
in 4 ml of CH2CI 2, the mixture was s t i r red  for 10 rain, diluted with 25 ml of absolute ether,  and fi l tration 
gave 0.41 g of the K salt of methylni t ramine,  mp 2 2 0  ~ (from absolute alcohol) [8]. The NMR spect rum has 
a singlet at 1.8 upfield f rom D~O. The IR spec t rum is identical with the IR spec t ram of an authentic s am-  
pie. 

CONCLUSIONS 

The sflylation of methylnitramine with B. S.A. or N,N'-diphenyl-N-trimethylsilylurea, or of its Ag 
salt with sflanes of general formula (CH3)2RSiCI, gives a tautomerie mixture of the corresponding O- and 
N-derivatives of methylnitramine. The amount of the O-derivative in the tautomeric mixture increases 
with increase both in the temperature and in R: H < CH 3 < CH(CH3) 2 << C(CH3) 3. 
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