
1798 Russian Chemical Bulletin, kbt. 48. No. 9, September. 1999 

Replacement of one nitro group in 1,3,5-trinitrobenzene and its analogs 
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A characterist ic feature of 1,3,5-trinitrobenzene 
(TNB) is its ability to add various nucleophiles at an 
unsubstituted position of  the aromatic ring to give stable 
anionic e-complexes (Meisenheimer complexes), t-3 At 
the same time, both anionic nucleophiles formed upon 
depro tona t ion  of  a lcohols  4's (including f luorinated 
alcoholsr.7), phenols, s,9 and thiophenols ~~ as well as 
fluoride ions ~2 can also replace the nitro groups in TNB 
under  certain conditions.  However, any examples of  
replacement of a nitro group in TN B under the action of  
neutral nucleophites were hitherto unknown. It was only 
reported that the reactions of  TNB with such neutral 
nucleophiles as primary and secondary, aliphatic amines 
result only in the corresponding stable anionic or-com- 
plexes (AC). I-3 

We found that a nitro group in TN B can be replaced 
under  the action of  secondary amines (piperidine,  
morpholine,  and N-methylpiperazine) when a mixture 
of  TNB and R2NH (molar  ratio I : 2) are heated in 
some dipolar aprotic solvents (Scheme I). The best 
results were obtained in HMPA (90 ~ [TNBI = 
0.5 tool L -~, the process being carried out until the 

conversion of  TNB was completed (2--3 h)), where the 
products obtained,  namely, the corresponding I-R2N- 
3.5-dinitrobenzenes ( l a - - e ) ,  were isolated in moderate 
yields (Table 1). In other polar solvents, the yield of  
products 1 sharply decreases to 5--6% (in N-methyl- 
pyrrolidone) or almost no target product is formed (in 
tetramethylurea, pyridine, or MeCN),  as shown with 
piperidine as an example. 

Under these condit ions (HMPA, 90 ~ a similar 
replacement of  the nitro group under the action of  

�9 amines, e.g., piperidine,  can also occur in TNB analogs, 
i.e., l -X-3,5-dini t robenzenes  (2), where X is the strong 
electron-withdrawing group (CF 3 or PhSO_,). The reac- 
tion products are thereby the corresponding I -X-3-  
(N-piperidyl)-5-ni t robenzenes (3a,b) (Scheme 2, see 
Table I) rather than products of  X group substitution. 

In the case of  compounds  2 containing less electron- 
withdrawing substituents (X = PhO, PhS, or H), the 
nitro group is not replaced under the conditions indi- 
cated, and no conversion of  2 is observed. 

An important  feature of  the reaction of TNB with 
R2NH is the complete  conversion of  TNB along with 
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Table 1. Yields, melting points, and IH NMR spectral data of products 1 and 3 a 

X 

O 2 N ' ~ N R 2  

Compound R,N X Yield (%) M.p./~ IH NMR, 8 (J/Hz) ~' 

la ( x / N  NO 2 26 104--106 

/--"x 
lb O N NO 2 28 222--224 

x_._/  /"-'-x 
lc Me--N N NO 2 15 120--122 

k__. /  

3a ~ N  CF3 29 --" 

3b ~ PhSO~ 38 140--142 

k_, N 

8.04 (t, I H, J = 2); 7.95 (d, 2 H, J = 2): 3.62 (s, 4 H): 1.61 (s, 6 H) 

8.16 (t, I H, J =  2); 8.01 (d, 2 H, J = 2): 3.78 (s, 4 H); 3.41 (s, 4 H) 

8.27 (t, I H, . / =  2): 7.98 (d, 2 H, J = 2); 3.43 (t, 4 H, J = 6); 

3.2 (s, I H); 2.56 it, 4 H. J = 6) 

7.82 (t, I H, J =  2): 7.63 (t, I H, J =  2): 7.52 (t, I H, J = 2); 

3.38 (s, 4 H); 1.61 (s, 6 H) 

8.06 (d, 2 H. J =  8); 7.80 (m, 2 H, J =  2); 7.80--7.67 (m, 2 H): 

7.63 (t, 2 H, J = 8): 3.62 (s, 4 H): t.61 (s, 6 H) 

" Reaction conditions: HMPA, 90 ~ 
b t H NMR spectra were recorded in DMSO-d 6 relative to Me4Si. 
c Oil. 

Scheme 2 

X X 
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X = 0,='3 (a), PhSO 2 (b) 

m o d e r a t e  or low yields o f  p roduc t s  1 (depend ing  o n  a 
so lvent  used).  Our  JH N M R  spectroscopic s tudy ( in 
HMPA-d~,O o f  the  reac t ion  wi th  piperidine showed  tha t  
A C  is the sole p roduc t  at r oom tempera ture .  W h e n  
hea ted ,  it undergoes  rapid t r ans fo rma t ions  to give, a long  
wi th  c o m p o u n d  I, a n u m b e r  o f  o the r  products ,*  a m o n g  
which  3 , 5 - d i n i t r o p h e n o l  was identified.  Thus ,  hea t i ng  
s t imula tes  bo th  the des t ruc t ion  o f  AC and the  n u c l e o -  
phi l ic  subs t i tu t ion  for the  n i t ro  group that  results  in the  
fo rma t ion  o f  p roduc t  1. It is the  compe t i t ion  be t w een  
these  two processes  tha t  d e t e r m i n e s  the reac t ion  p a t h -  
way. 

The  s t ruc tu res  o f  c o m p o u n d s  1 and 3 was p r o v e n  by 
data  f rom ~H and  T-~C N M R  spectroscopy and  mass  
spec t rome t ry  a n d  con f i rmed  by e lementa l  analysis.  

This  work was f inancia l ly  suppor ted  by the  I n t e r n a -  
t ional  Sc ience  and  T e c h n o l o g y  C e n t e r  (Gran t  419-98) .  

* Compounds 1 are ~able under the reaction conditions. 
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