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The mechanism of ni t ra t ion of 2 -n i t ro - ,  3 -n i t ro - ,  1-methyl- ,  and 2- and 1 -me thy l -3 -n i t r o -  
py r r o l e s  in a mix ture  of sulfuric  and ni t r ic  acids is s imi la r  to the mechanism of ni t rat ion 
of benzene.  A 1-methyl  group act ivates  the invest igated compounds only slightly. 

It is known that  py r ro l e  is more  reac t ive  than benzene by a fac to r  of 53,000 during ni t ra t ion in acet ic  
anhydride [2]. We were  in te res ted  in the reac t iv i t i es  of pyr ro le  and its n i t ro  and 1-methyl  der iva t ives  in 
sulfuric  and ni t r ic  acid. We were  unable to study the ni t rat ion of pyr ro le ,  inasmuch as the substra te  under -  
went res ini f icat ion.  In the case  of 3 -n i t ropy r ro l e  it was shown that the ra te  constant (kl) is d i rec t ly  p ro -  
port ional  to the ni t r ic  acid concentra t ion in the case  of constant  sulfur ic  acid concentra t ion and under  pseudo-  
f i r s t - o r d e r  conditions. The re la t ionship  between the rate  of ni t ra t ion and the acidity of the medium (Table 
1) was studied for  3-n i t ro  (I), 2 -n i t ro -  (II), 1 -m e th y l -3 -n i t r o -  (HI), and 1 -m e th y l -2 -n i t r o p y r ro l e s  (IV). 
Like benzene der ivat ives ,  which have a l inear  relat ionship between log k 2 and the acidity function of the 
medium [4], the investigated pyr ro le  der ivat ives  also are  subject to this  relat ionship.  The activation p a r a m -  
e t e r s  for  the n i t ra t ion  of 3 -n i t ropyr ro le  (Table 2), which a re  close to those for  benzene [4], indicate coin-  
cident mechan i sms  for  the n i t ra t ion  of these compounds. 

The reac t iv i t i es  with r e spec t  to benzene and the par t ia l  ra te  fac tors  of pyr ro le  der iva t ives  during 
t he i r  ni t ra t ion with ni t r ic  acid in a 71.5%solution of sulfuric  acid at 25~ are  p resen ted  in Table 3. Using 
the data f rom [2] we calculated that the introduction of a ni tro group into the 3 position lowers  the r eac t iv -  
ity of pyr ro le  by a fac tor  of 2.6.104, whereas  introduction of a ni tro group into the 2 position lowers the 
reac t iv i ty  by a fac tor  that is 5.9 t imes  g rea t e r .  Thus although the deactivating effect  of a ni tro group in 
the pyr ro le  r ing is cons iderable ,  it is less  than in benzene der ivat ives ,  in which it amounts  to 5.8- l0 s [5, 
6]. A methyl  group in the 1 posit ion causes  a slight increase  in the reac t iv i ty .  An increase  in the f ract ion 
of the 2 ,4-dini t re  i s o m e r  (V and VII, respect ively)  is observed for  2 -n i t ropy r ro l e s  II and IV, and this is 
apparent ly due to s t e r i c  hindrance,  just  as in iodination [7] or  ni t rat ion in acetic anhydride [8]. 

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

The UV spec t ra  and the kinet ic  m e a s u r e m e n t s  were  made with an SF-4 spec t rophotomete r .  

A modified method [9] was used to obtain 2- and 3 -n i t r opy r ro l e s  by n i t ra t ion  of py r ro le  wtth ni t r ic  
acid (70%) in acet ic  anhydride at 0-15 ~ The mixture  of i so m er s  was separa ted  with a column filled with 
aluminum oxide with elut ion by pe t ro leum e t h e r - e t h e r  (3 : 1). The yield of 3 -n i t ropy r ro l e  was 15%. 
1-Methyl -2-  and 1 - m e t h y l - 3 - n i t r o p y r r o l e s  were  obtained by ni t ra t ion of  1 -methy lpyr ro le  [9] and were sep-  
a ra ted  by vacuum sublimation at 60 ~ Din i t ropyr ro les  V-VIII were obtained by known methods [9] f rom 
mononi t ropyr ro les .  2 ,5-Din i t ropyr ro les  VI and VIII were r ec rys t a l l i z ed  f rom HNO 3 (sp. gr .  1.3), whereas  

* See [1] for  communicat ion II. 
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TABLE 1. Rate Constants for the Nitration of Pyrrole  Derivatives 
with HNO 3 in H2SO 4 Solution at 25 :~ 2~ 

Substrate CH:SO~, 103, 31 (HR+lg a H 0 F k~ 10, liter" Wl~ % CItNO~' k l '  10~,SeC "1 " 
: mole-I �9 see71 

I 

IlI 

IV 

68.25 
69,35 
69,35 
69,35 
69,8 
70,4 
70,4 
70,85 
71,6 
72.5 
74,5 
69,8 
70,4 
71,6 
72,5 
74,5 
69,8 
70.4 
7t.6 
72,5 
74,5 
69.8 
70.4 
71,6 
72,5 
74.5 

4 
4 

10 
28,6 
29,7 
4 

50 
4 
4 
6 
1 

29,7 
4 
4 
6 
1 

29,7 
50 
4 
6 
1 

29,7 
50 
4 
6 
1 

12,27 
12,63 
12.63 
12,63 
12,77 
12,97 
12,97 
13,13 
13,37 
13,67 
14,34 
t2,77 
12,97 
I3.37 
13,67 
14,34 
12,77 
12.97 
13.37 
13,67 
I4,34 
12,77 
12,97 
13,37 
13.67 
14.34 

0,45t 
t,176 
2,95 
8.574 

15.35 
2.71 

32 
3.82 
6,923 

25,53 
33,13 
2.429 
0.439 
1,193 
3,648 
4,64 

20,55 
44,55 
I2.08 
47,73 
39,79 
3,356 
6.30 
t,784 
4.803 
6.03 

* According to [3]. 

1,13 
2,94 
2,95 
2,998 
5.17 
6.78 
6,40 
9,55 

17,35 
42,55 

331.3 
0,818 
1,098 
2,98 
6,08 

46,4 
6,92 
8,91 

30.2 
79.55 

397.9 
1,13 
1,26 
4,459 
8.005 

60,3 

T A B L E  2.  A c t i v a t i o n  P a r a m e t e r s  f o r  t h e  N i t r a t i o n  o f  3 - N i t r o -  

p y r r o l e  and  B e n z e n e  in  H2SO 4 

k s. limr: - AE, keal" 1~.4 
Compound Temp., ~ mole-4, mole.4 

~ C  - I  

33,t4 
22,39 
15,65 12.8 t 0.9 - 10,6 
10,5 
- -  13,9 9,5 --II~ 

* C- H SO 4 74.5%, CHNO3 10 -3 M,  and  C s u b s t r a t  e 1 0 - 4 - 1 0  -5 M,  
1 0 - 4 - 1 0  -5 M, CHNO3 M, and Csubstra t  e tCH?SO 4 ~  73.2%, 5.9- I0 -4 

according to the data in [4]. 
~Calculated from the results in [4]. 

I ~ 25 
20 
15 
10 

Benzenet 2--25 

AS, ken1 �9 
mole'l, aK-I 

T A B L E  3.  R a t e  C o n s t a n t s  (k2) f o r  t he  N i t r a t i o n  o f  N i t r o p y r r o l e s  in 

71o5% S u l f u r i c  A c i d ,  I s o m e r i c  C o m p o s i t i o n  o f  t h e  P r o d u c t s ,  and  

P a r t i a l  R a t e  F a c t o r s  

k2, l i t e r .  
Compound mole -I. KrelT K'rel$ 

SeC -I  

Bcnzene 
I 

11 
111 
IV 
Pyrrole* 

0.8222 
L698 
0,2884 
2,692 
0.3631 

t 
2,07 
0.35 
3,27 
0,44 

53 000 

1,89- I0 -3 
3,90-10 -~ 
0,66" 10 -~ 
6,17-10 -~ 
0,83.10 -5 

1 

Ratio of iso- 
mers with hi- 
,tin group in 
;ind. position 

4 5 f, 

40 126 
100 

77 23 2"~4 
20 80 30 000 

f 

f6 

12,42 
0,84 

19.6 
0.6 

13 000 

* A c c o r d i n g  t o  t h e  d a t a  in [2], in a c e t i c  a n h y d r i d e .  

1With  respect t o  benzene. 
:~With r e s p e c t  to  p y r r o l e .  
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TABLE 4. C h a r a c t e r i s t i c s  of the N i t ropy r ro l e s  

Compound J rap, ~ I n ..... nm* e~,x 

I 
II 
III 
IV 

2,4-Dinitropyrrolc (V) 
2,5-Dinitropyrrole (VI) 
1-Methyl-2,4-dingropyrrole (VII) 
1-Methyl-2.5-dinitropyrrole (VIII) 

64--65 
101 

31--32 
64,5--65,5 
150--151 
174--175 
95--95,5 
97--98 

359 
290 
362,5 
305 
332 
348 
336 
357.5 

*In  68%H2SO 4. 

13 000 
6200 

12 700 
6000 

12 800 
16 000 
11 600 
15000 

the r emain ing  de r iva t ives  were  r e c r y s t a l l i z e d  f rom H20. The mel t ing  points and UV spec t r a  of the inves -  
t iga ted  p y r r o l e s  a re  p re sen ted  in Table 4. An inc rease  in the sulfur ic  acid concentra t ion to 74%had no e f -  
fect on the UV spec t r a .  

The n i t ra t ing  mix tu re  was p r e p a r e d  by dissolving a weighed amount of po tass ium ni t ra te  in sulfur ic  
acid.  The percen tage  composi t ion  of the sul fur ic  acid was de te rmined  f rom its densi ty.  

Method for  the Kinetic Study. A ni t ra t ing mix tu re  of the requi red  concentra t ion was p laced in a t h e r m o -  
s ta t ted cuvette  U- 0.1~ a f t e r  which a drop of a concent ra ted  solution of the subs t ra te  (0.2-0.3 M) in CH3COOH 
was added. Under these  conditions the concentra t ion  of the subs t ra te  in the sulfur ic  a c i d - n i t r i c  acid m i x -  
tu re  was 10-4-10 -s M. Inasmuch as the s p e c t r a  of the n i t r opy r ro l e s  a re  supe r imposed  (Table 4), the change 
in the opt ical  density with t ime  was de te rmined  for  both the s ta r t ing  m a t e r i a l s  and final products .  The 
s p e c t r a  of the solutions during the ni t ra t ion of 3 - n i t r o -  and 1 - m e t h y l - 3 - n i t r o p y r r o l e s  co r responded  to the 
quanti tat ive fo rmat ion  of the 2 ,4-dini t ro  product .  In the case of 2 -n i t r o -  and 1 - m e t h y l - 2 - n i t r o p y r r o l e s ,  in 
the n i t ra t ion of which two i s o m e r s  a re  fo rmed,  the i s o m e r i c  composi t ion  of the products  was de te rmined  
by the method in [10] (Table 3). The instantaneous concentra t ions  of the s ta r t ing  m a t e r i a l s  and final p rod -  
ucts  we re  calculated f r o m  the equations [11] 

D)~I = ~lXiCll + e2~,1C2l, 

D ~  = e1~.2Cil + e2~2C2l. 

The reac t ion  ra te  constants  were  de te rmined  graphica l ly  by the method in [12]. Inasmuch  as the absorpt ion  
of 3 - n i t r o p y r r o l e s  is v e r y  slight (Table 4), the ra te  constants  for  n i t ra t ion were  m e a s u r e d  f rom the inc rease  
in the opt ical  densi ty of 2 ,4 -d in i t ropyr ro le  at Xma x 332 nm and of 1 -me thy l -2 , 4 -d in i t r opy r ro l e  at kma  x 336 
nro. The difference between the ra te  constants  calcula ted f rom the concentra t ions  and f rom the optical  
densi t ies  did not exceed 3%, and the m e a s u r e m e n t s  for  3 - n i t r o p y r r o l e s  were  t he re fo re  made  at the wave-  
length of absorpt ion  of the final 2 ,4-dini t ro  product ,  and the ra te  constant  was calculated f r o m  the optical  
densi ty .  The averaged  r e su l t s  of th ree  pa r a l l e l  expe r imen t s  a re  p r e sen t ed  in Table  1 .  
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