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The O-t r imethyls i ly l  (I) and O-diethylboron (I!) derivat ives of p- toluene-N-ni trosulfonamide were Ob- 
tained by the respect ive  react ion of the Ag salt  of the nitrosulfonamide with t r imethylchlorosi lane and di- 
ethylboron chloride.  
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CH~Cl~ 7 (1) 

Ag[N(NO~)SO~C6HtCH3-p] ~- tlCI ---:-=:? p-CH~C6HaSO2N =N 

OR 
R = SiCCHs)s (1), (C~H~)2B (If) 

Product  (I) is also formed by the silylation of the free p- toluene-N-ni t rosulfonamide (IIi) with N , N ' -  

d iphenyl-N-t r imethyl  s i lylurea:  
',2) N H(N()2)SO~CsH4CHa-/~ -~- CsHsN[Si(CHa)a]CONHCsH5 ~ --(C,,II~N tt)2CO 

0 
7 

t;-CI-I~C~ H4SO~ N N 
\ 

OSi(CH3)3 

Based on the NMti data, a choice was made  between the s t ruc tures  of the N-der ivat ives  (A) and the O- 
derivat ives  (13) for compounds (I) and (II): 

p-CHaC6H4SO~N(NOQ l:l 
A 

0 

p-CH3C6H4SO2N = N 
B \ OR 

The NlVIE spectrum of compound (I) in CH2CI 2 has singlets at o.33 and 2.38 ppm, wMch respect ively 
belong to the protons of the Si(CH3) 3 and CH 3 groups,  and also two doublets at 7.25 and 7.7 ppm (J = 9 Hz) 
f rom the C~H 4 protons.  A complication of the spectra  was avoided by varying the solvent, and also by 
cooling the samples to --60~ F r o m  this it is obvious that product (I) is one of the s t ruc tura l  i somers  
A or 13, and not their  mixture.  We exc!ude rapid exchange between A and 17 on the NMtl scale,  since for 
the silyl der ivat ives  of methylni tramine this p rocess  is inhibited by cooling the samples below --20~ [11, 
while the insert ion of a more  electronegative grouping (p-CH3C6H4SO 2 instead of CH 3) should re tard  I;he ex- 
change rate  [2]. In the NMR spect rum of product (II) in CH2C12 a t - -50~  seen a broad singlet of the 
(C2H5)217 protons (0.8 ppm), a singlet of the CH 3 group (1.45 ppm), and doublets at 7.4 and 8.0 ppm (J = 9 
Hz), which belong to the C~H 4 protons.  If a small  amount of the es te r  is present  in the react ion mLxture, 
then it appears  as a quartet  at 3.7 ppm (OCH 2) and a tr iplet  at 1.25 ppm (J = 7 Hz, CH 3 group). Since, 
when compared with the lite~rature data for the es ter  [3], a small  paramagnet ic  shift of the signals i~s ob- 
served,  the formation of an unstable complex between product (II) and the es te r  cannot be excluded. As a 
resu l t ,  based on the NMtl data, product (II) is apparently also one of the two possible s t ructura l  i somers  
(A or  B). 
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The 2113 NMR spec t rum of compound (II), taken at --10 ~ has a broad signal with a cen ter  at + 43 ppm 
f rom ]3F 3 e thera te ,  which tes t i f ies  to the p resence  of a t r icoordinat ion boron a tom.*  The data on the 13C 
and t4N NlVIR spectra  of compounds (I) and (ID are  given in Table 1. The spectra  of n i t ramide (III) and its 

io 
der iva t ives ,  p-CH3C6H4SO2N(NO2)CH(CH3) 2 (IV) and p-CH3C6H4SO2N-N iV), are  also given for 

\OCH(CH3)2 
compar ison.  Based on the 13C NMR data,  the same as for  the 1H NMR data,  compounds (I) and (II) con-  
tain mainly one of the two fo rms  (A or  B). We decided between these s t ruc tu res  on the bas is  of the 14N 
NMR spect ra .  It is known that the NO 2 group usually gives a nar row signal in the 14N NMR spec t ra ,  whereas  
the signal of the f ragment  O--N--~'O is quite broad [1, 4]. In harmony with this,  compound (lid and its N- 
alkylated analogs give a nar row signal of the NO 2 group in the --40 ppm region f rom ni t romethane.  At the 
same t ime,  in the O-derivat ive (V) the 14N signal of  the O--N--*O fragment  is so broad that it cannot be seen 
on the s p e c t r o m e t e r s  using the pulse technique. Since the signal of the O--N -*O fragment  is also not ob- 
served in the 14N spect ra  of compounds (I) and (II), we assign s t ruc ture  ]3 to these products .  In addition, 
it might be mentioned that in the 13C NlVIR spectra  of compounds (I) and (V) the signals of s imi lar  f ragments  
have the same chemica l  shifts.  

The IR spec t rum of (I) has a doublet band at 1510-1530 cm -1 and a broad band with a maximum at 
1262 cm -1. For  compar i son  it might be mentioned that the I~ spec t rum of (IV) has bands at 1290 and 1565 
cm -1, while bands at 1240 and 1530 cm -1 a re  cha rac t e r i s t i c  for  compound (V). As a resul t ,  the IR spec-  
t r um of (I) is c lose  to the ll={ spec t rum of the O-derivat ive (V). It should be special ly emphasized that bands 
are  absent in the vs region of the NO 2 group (1280-1300 cm-i ) .  As our previous studies show [1, 5], the 
band of the NO 2 Vsym is not shifted substantially when the hydrogen in methylni t ramine is replaced by the 
(CH3)3Si group. At the same t ime,  the absence of absorption at the site of NO 2 vas (1570-1595 cm -1) is 
not proof  in support  of s t ruc ture  ]3, since replacing the hydrogen in methylni t ramine by the t r imethyls i ly l  
group causes  the NO 2 v a s  to shift toward lower f requencies  [1, 5]. 

The behavior  of compounds (I) and (II) in ce r ta in  chemica l  t rans format ions  conf i rms  the presence  of 
the principal  s t ruc tu ra l  f ragments  in these products .  P r i m a r y  mention should be made of the ex t reme  
hydrolyt ic  instabili ty of compounds (I) and (II) and thei r  great  sensit ivi ty toward labile hydrogen. Thus,  
when (I) was t rea ted  with methanol we i.~olated (III) and t r imethylmethoxysi lane  in near ly  quant i ta t iveyield.  
The reac t ion  of (II) with alcoholic KGH solution gave the K salt  of product (III) in good yield.  

The t rea tment  of (II) with excess  pyridine gave the cor responding  boronium salt  in 87% yield.  
0 

r 2C~HsN 
p-CHzCsHaS0~N = N -> 

\ 
OB (C2H5)~ 

[c~mr~\ + (3) 
LCsHsN/B(C~Hs)~] [ p-CH~CnH~SO~N (N O~) ]- 

(vt) 

The s t ruc tu re  of salt  (VI) was conf i rmed by the NMR data. The signal of a te t racoordinated boron atom, 
with a chemica l  shift of 8.8 ppm, was r eco rd ed  in the 1113 NMI~ spec t rum of (VI) at 60 ~ The NM1R spec-  
t rum of (VI) contains the signals of the (C2H5)213 (multipiets with cen te rs  at 0.46 and 0.9 ppm), CH 3 (singlet 
at 2.3 ppm), and C6H 4 (doublets at 7.2 and 7.9 ppm, J = 8 Hz) groups,  and also the signals of the coord i -  
nated pyridine protons (charac ter i s t ic  mult iplets  with cen te r s  at 7.7, 8.2, and 8.5 ppm). The integral  in- 
tensi ty  of the signals shows that one molecule of the complexed pyridine cor responds  to each CH 3 group. 
Compound (VI) is hydrolyt ical ly ve ry  unstable  and is quickly decomposed by a tmospher ic  mois ture .  

Product  (II) decomposes  rapidly ,  with the l iberat ion of ni trogen oxides,  when the t empera tu re  is 
ra i sed  above 0 ~ Product  (I) is stable at ~20 ~ but it decomposes  above 100% 

0 
/ ~  t> lO0 ~ 

p-CI-IsCsH4SO~N =N - - - - 7  p-CH3C6H4SO3Si(CH$)3 + N~O (4) 
\OSi(CHa)8 (VII) 

*In est imat ing the chemica l  shifts the + sign always designates  a shift  of the signal downfield f rom the stan- 
dard.  
~The decomposi t ion of (I) is accompanied by marked t a r r i ng  of the reac t ion  mixture ,  f rom which p- toluene-  
sulfonic acid was isolated.  
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T A B L E  1. C h e m i c a l  Shif ts  in laC and 14N S pe c t r a  of  Compounds  t p - w n  a - , ~ /  SO2N(NO2)]R (tt = H ,  CH- 

(CH3)2, Si(CHa)3, B(C2Hs)2) 

Formula 
CHs 

2t,53 

21,60 

20,90 

21,60 

21,54 

CI 0 and 0 

t46,42 

147,33 

146,73 

t46,67 ] 

[p-CHsC6HaSOgN (N 0~) lSi(CHs)a * 
(I) in CH~Ch 

[p-CHsC,HaSO2N (N 02) ]B(C~Hh)~ 
(II) a t  --20 ~ in CH~Cl, 

p-CHsCd-hSO~NH(N 02) 
(III) in acetone-- CH~CI~ 

p-CHaCGH4SO~N (NO~)CH(CH3)2 
(IV) B CH2Ch 

O 
Z 

p-CH3C~H4SO~N- N 
\ 

OCH(CH~h 
(V) in CH~Ch 

146,42 

129,85 
129,64 
129,71 

t30,it 
129,i4 
t29,44 
129,55 

t29,85 
t29,64 

laC chemical shifts, ppm, from TM8 

C" 

t32,77 

130,95 

t33,38 

134,72 I 

132,70 

CH 

54,87 

78,65 

*The tSG NMR spectrum has a weak signal at + 0.35 ppm, which we attribute to HMD8. 

(CHub 

t9,91 

19,71 

BCH, tBGaGI..~t~I S[(CHah 

6,85 

I 
I 

ment from Ctt3N O2 

- - t , t4  Broad 

Broad at 0" 

--4i,2 (55+_5 Hz) 

--39,8 (60_+10 Ha) 

Broad 

?The iSc NMpLspectrum of product (II) has weak signals at 129.3 and 7.15 ppm, which apparently belong to the C 4 and RCHzCH s of an 
unidentified impurity, possibly the N-form (II). 

The  p r e s e n c e  of  N20 in the  d e c o m p o s i t i o n  p r o d u c t s  w a s  c o n f i r m e d  by  the IR s p e c t r a l  da t a  (band at  2230 
c m  -1, cf .  [6]). The  s t r u c t u r e  of  the  h y d r o l y t i c a l l y  u n s t a b l e  (VII) w a s  c o n f i r m e d  v i a  NM:R [(CHs)3Si s i ng l e t  
a t  0.3 p p m ,  CHa s i n g l e t  a t  2.45 p p m ,  and CsH 4 d o u b l e t s  at  7.4 and 7.95 ppm (J = 9 Hz) ,  r a t i o  of s i g n a l s  
c l o s e  to  3 : 1 : 1.35] and by  h y d r o l y s i s  to p - t o l u e n e s u l f o n i c  ac id .  

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

A m i d e  (III) and i t s  A g  s a l t  w e r e  ob ta ined  in known m a n n e r  [7]. A l l  of the  e x p e r i m e n t s  on the p r e p a r a -  
t ion  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  (I) and (II) w e r e  r u n  in a d r y  a r g o n  a t m o s p h e r e ,  e m p l o y i n g  s o l v e n t s  
tha t  con ta ined  l e s s  than  0 .005~ m o i s t u r e .  The  tH NMR s p e c t r a  w e r e  t aken  at  low t e m p e r a t u r e s  on ]?erk in  
- - E l m e r  t~-12 and P C - 6 0 / 1 5  s p e c t r o m e t e r s  a t  an o p e r a t i n g  f r e q u e n c y  of  60 MHz; HM.DS was  used  a s  the  
s t a n d a r d .  C y c l o h e x a n e  was  u s u a l l y  used  a s  the  i n t e r n a l  s t a n d a r d  fo r  the q u a n t i t a t i v e  m e a s u r e m e n t . %  The  
l i b  NMB s p e c t r a  w e r e  t aken  on a P C - 5 6  i n s t r u m e n t  (19.87 MHz),  u s i n g  B F  a e t h e r a t e  a s  the  s t a n d a r d .  The  
14N NM~ s p e c t r a  w e r e  t a k e n  on a B r u k e r  ~ ; P - 4 - 1 0 0  s p e c t r o m e t e r  (6.05 MHz) unde r  pu l se  c o n d i t i o n s .  The  
a c c u m u l a t i o n  of  the f r ee  induc t ion  s i gna l  and the F o u r i e r  t r a n s f o r m  of  the  s p e c t r a  w e r e  run  on a P O P - 8  
c o m p u t e r .  The  a c c u r a c y  of  d e t e r m i n i n g  the c h e m i c a l  sh i f t s  was  ~ 0.1 ppm.  The  ~aC NMI~ s p e c t r a  w e r e  
t aken  on a " t~ ruke r  HX-90"  i n s t r u m e n t  (22.63 MHz) u n d e r  pu l se  c ond i t i ons  with a c c u m u l a t i o n  of  the s igna l .  
The  a c c u r a c y  of  d e t e r m i n i n g  the c h e m i c a l  sh i f t s  was  0.1 ppm.  The I~ s p e c t r a  w e r e  taken  on a UR-10  
s p e c t r o m e t e r  in 0 . 0 2 - r a m  t h i c k  K B r  c e l l s .  The  UV s p e c t r a  w e r e  t aken  on a U n i c a m  SP-800  s p e c t r o m e t e r .  
The  GLC a n a l y s i s  was  run  on a L C M - 8 M  c h r o m a t o g r a p h  equipped  wi th  a k a t h a r o m e t e r ;  helim-n was  I~he 
c a r r i e r  gas .  

P r e p a r a t i o n  and P r o p e r t i e s  of  O - T r i m e t h y l s i l y l  D e r i v a t i v e  of  N - N i t r o - p - t o l u e n e s u l f o n a m i d e  ~) .  a) 
Wi th  s t i r r i n g ,  to  a s u s p e n s i o n  of  2.5 g of  the  A g  s a l t  of  (III) in 10 m l  of  CH2C12 at  ~ 20 ~ w a s  added 0.84 g of  
(CH3)aSiCI, and a f t e r  1 h the  AgCI  w a s  f i l t e r e d  (~ 100% y i e l d ) ,  wh i l e  the  s o l v e n t  w a s  e v a p o r a t e d  in vacuo .  
We ob ta ined  2.1 g {95%) of  p r o d u c t  (I). 

b) Wi th  s t i r r i n g ,  to 1.08 g of  N , N ' - d i p h e w l - N - t r i m e t h y l s i l y l u r e a  in 6 m l  of  CH2C12 was  added  0.82 
g of  (III) in 9 m l  of  CH2C12, the  m i x t u r e  was  kep t  at  20 ~ for  2 h, and f i l t r a t i o n  gave 0.75 g (94%) of  N , N ' -  
d i p h e n y l u r e a .  B a s e d  on the NMR d a t a ,  u s i n g  an i n t e r n a l  s t a n d a r d ,  the  y i e l d  of  p r o d u c t  (1) w a s  1 g (92%). 
The  IR and NMI~ s p e c t r a l  da t a  for  (I) a r e  g i v e n  in the  g e n e r a l  p a r t .  P r o d u c t  (I) i s  a v i s c o u s  o i l  tha t  i s  
s t a b l e  at  20~ 

A so lu t i on  of  2.15 g of  (I) in 20 ml  of  x y l e n e  was  r e f l u x e d  for  2 h, and the  v o l a t i l e  p r o d u c t s  w e r e  c o n -  
d e n s e d  in CH2C12 con t a ined  in a coo l ed  t r a p .  (The 1tl s p e c t r u m  of the  c o n d e n s a t e  has  a band at  2230 e m  - i ,  
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which is c h a r a c t e r i s t i c  for  NzO [6]). The xylene was r emoved  in vacuo.  The res idue  weighed 1.7 g. V ib ra -  
tion bands,  c h a r a c t e r i s t i c  for (I), a re  absent  in the IR spec t rum in CH2C12. The product  was v a c u u m - d i s -  
t i l led ,  and here  we isola ted (VII), bp 110 ~ (0.47 mm).  When t rea ted  with methanol  or  allowed to stand in 
the a i r ,  (VII) changes  to p- toluenesulfonie  acid with mp 92 ~ (the mixed mel t ing  point with an authetic spec i -  
men was not dep res sed ) .  An additional amount of p- toluenesuifonic  acid,  bp 160 ~ (0.47-0.9 mm) and mp 
92 ~ was isolated f rom the res idue .  

To 2.16 g of compound (I) was  added 1.5 ml  of CH~OH, and all  of the volat i le  products  were  vacuum-  
dist i l led into a t r a p  Cooled to --60 ~ The res idue  was t rea ted  with a 1 : 2  benzene--hexane  mix ture ,  and 
f i l t ra t ion gave 1.56 g of amide (III), mp 110-111 ~ (the mixed mel t ing  point with an authentic spec imen was 
not depressed) .  Based on the GLC data (10% Rheoplex-400 deposited on C h r o m s o r b  P, column length 2 m,  
48 ~ and flow ra te  of c a r r i e r  gas = 40 ml /min)  the condensate  contains  CHsOSi(CH3)3, methanol ,  CH2C12, 
and a sma l l  amount  of  HMDS as  impur i ty .  The CH3OSi(CH3) 3 was identified in the NMR spec t rum of the 
condensate  by the p ro t r a i t  method.  

P repa ra t i on  and P r o p e r t i e s  of O-Diethylboron Der iva t ive  of N-Ni t ro -p- to luenesu l fonamide  (II). With 
v igorous  s t i r r i ng ,  0.3 g of diethylboron chlor ide  was added to 1 g of the Ag sal t  of (III) in 8 ml  of CH2C12 
at --30 ~ a f te r  which the mixture  was s t i r r ed  at --30 ~ for  1 h, and the AgC1 was f i l tered at  the same  t e m -  
p e r a t u r e .  Based on the NMR data (--20 ~ s tandard = 0.7- 10 -3 mole of HMDS, and integrat ion of B(C2Hs) 2 
s inglet  r e la t ive  to HMDS) the yield of product  (II) is c lose  to 100%. After  dis t i l l ing off the solvents  in 
vacuo at --30 ~ (II) was  isolated as c r y s t a l s  that decompose  above 0 ~ with gas evolution. Similar  r e su l t s  
we re  obtained when the CH2CI 2 was rep laced  by e ther .  To 0.81 g of product  (II) in CH2CI 2 at --30 ~ was added 
0.16 g of  KOH in 4 ml  of  CH3OH, the mix tu re  was s t i r r ed  for  15 rain, the t e m p e r a t u r e  was r a i sed  to 20~ 
and f i l t ra t ion gave 0.43 g (60%) of the K sa l t  of amide (liD, mp  279-280~ (the mixed mel t ingpoin t  with an authentic 
s p e c i m e n w a s  not depressed) .  Ul t raviole t  s p ec t rum ( inwater) :  kmax 224 (e 15,750) and 251 nm (e 11,500). 

To 0.81 g of  product  (II) in CH2CI 2 at --30 to --40 ~ was added 0.45 g of pyridine in 2 ml  of CH2C12, the 
mix tu re  was kept at this  t e m p e r a t u r e  for  15 min,  heated to 20 ~ s t i r r ed  for 30 min,  half of the solvent 
was evapora ted  in vacuo,  and prec ip i ta t ion  with e ther  gave 1.1 g (87% yield) of the boronium sal t  (VI), mp 
83-87~ (ether--CH2Cl2). 

The authors  e x p r e s s  the i r  grat i tude to O. A. Luk'yanov and N. I. Shlykova for supplying the s amples  
of compounds (IV) and W), and for  the in format ion  on the IR spec t ra  of these  products .  

C O N C L U S I O N S  

1. The s i lylat ion of the Ag sal t  of N-n i t ro -p - to inenesu l fonamide  with t r ime thy lch lo ros i l ane ,  or  of 
the f ree  N-n i t ro -p - to luenesu l fonamide  with N , N ' - d i p h e n y l - N - t r i m e t h y l u r e a ,  gave the O- t r ime thy l s i ly l  
de r iva t ive  of N-n i t ro -p - to luenesu l fonamide .  

2. The reac t ion  of the Ag sal t  of N-n i t ro -p - to luenesu l fonamide  with diethylboron chloride gave the 
O -die thylboron der iva t ive  of N-n i t ro -p- to luenes , l l fonamide .  T r e a t m e n t  of the der iva t ive  with pyridine gave 
the b is  (pyridyldiethylboronium) sal t  of N-n i t ro -p - to luenesu l fonamide .  
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