
PROTONATION OF CARBETHOXYPYRROLES 

M. I .  S t r u c h k o v a ,  G. G.  D v o r y a n t s e v a ,  
N.  P .  K o s t y u c h e n k o ,  Y u .  N.  S h e i n k e r ,  
Yu. E. Sklyar, and R. P. Evstigneeva UDC 547,746 : 543.422.6 : 541.67 

The PMR and UV spect ra  of the bases and conjugate acids of carbethoxy derivat ives of 
pyr ro le  were investigated. The conjugate acids of 3-carbe thoxypyrro les  in 22-25  N H2SO 4 

have the v~-pyrrolene s t ruc ture ,  which corresponds  to protonation of these compounds at 
the 5-C atom of the pyr ro le  ring. The protonation of 2-carbe thoxypyrro les  under  the same 
conditions proceeds through the formation of an intermediate  form, which is converted to 
the stable cation form in severa l  hours .  The stable form of the conjugate acid of 3,4- 
d imethyl -2-carbe thoxypyrro le  has the o~-pyrrolene s t ruc ture ,  which corresponds  to the 
addition of a proton to the unsubstituted 5-C ring carbon atom. The s t ruc tures  of the s ta-  
ble forms of the conjugate acids of 2-carbe thoxypyrro les  that are  substituted in the 5 po- 
sition of the methyl  group cor respond to protonation of these compounds at the nitrogen 
atom of the pyrro le  ring. 

A study of the protonation of a lkylpyrroles  in minera l  acid solutions [1-4] has demonstrated that the 
addition of a proton proceeds at the a -  or  f l -carbon atom of the pyr ro le  ring. The presence  of e lec t ron-  
acceptor  substituents in the pyr ro le  ring leads to the possibil i ty of the formation of other  protonated forms 
[5-8], and the position of the protonation center  of the molecule depends both on the propert ies  of the sub- 
stituent and on its position in the ring. 

In o rde r  to study the protonation of carbethoxy derivat ives of pyr ro les ,  we measured  the PMR and 
UV spect ra  of the bases and conjugate acids of I-VII. The experimental  resul ts  a re  presented in Tables 1 
and 2. 

H tl H 
I - I I1  IV V-VII 

I,V R=H; II,VI R=CH3;III,Vil R=C2H 5 

From a comparison of the PMR spectra of the neutral and protonated forms of 3-carbethoxypyrroles 
1-HI, which were measured, respectively, in CDC13 and 22-25 N H2SO 4 (Fig. 1 and Table 1), it follows that 
the addition of a proton in these compounds proceeds at the 5-C ring carbon atom to form conjugate acids 
la-IIIa: 

H 3 C ~ C O O % H  s 

H-~ C||3 

Ia-IIIa 

The signal of the 5-H proton in the spect rum of base I is a quartet  due to s p i n -  spin coupling (SSC) 
with the protons of the 4-CH 3 group, the signal of which appears  as a doublet with g = l . 2  Hz. The signal 
of the protons of the methyl  group in the 2 position is observed as a singlet. The ass ignment  of the signals 
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T A B L E  1. C h e m i c a l  Sh i f t s  in t h e  P M R  S p e c t r a  of  B a s e s  and  C o n j u -  

g a t e  A c i d s  o f  C a r b e t h o x y p y r r o l e s  

Cpd. 
Corn pound form. 

2.4-Dtmethyl- 3-carbethoxy- 
pyrtole (I) 

2,4.5-Trimethyl-3-carbethoxy 
pyrrole (II) 

2,4-Dimethyl-5-ethyl-3- 
carbethoxypyrrole (III) 

3,4-Dimethyl-2-carbethoxy- 
pyrrole (IV) 

3,5-Dimethy1-2 -carbethoxy- 
pyrrole (V) 

3,4,5-Tr/methyl-2-carbethoxy. 
pyrrole (VI) 

3,5-Dimethyl-4-eth~(1-2- 
carbethoxypyrrole (VII) 

Chemical shifts, 6. ppml" 

1 2 3 I 4 
i 

[ 

B 8,34 b 2,45 s 1,33 l 2,21 d 
4,26 r [ 

C -- 2,84 s 1,46, t 2,69 s 
4,44 c 

B 8,07 b 2,44 s 1,33 t 2,15 s 
4,24 ( 

C -- 2,82 s 1,42 t 2,59 s 
4,44 c 

B 8.02b 2,44 s 1,33t 2,15 s 
4.26 c 

C --  2,83 s 1145t 2,63 s 
4,46 c 

B 8,75b 1,34 t 2,25 1,98 s 
4,29 q 

C --  1,42t 2,30 2,12s 
4,16q 

B 8,81b 1.33 t 2,23 5.76 d 
4,29 q 

C 4,78b 1,37 t 2,38 6,67 b 
424 q 

B 8,95b 1,32 t 2,16 1.90 s 
4,29 q 

C 4,67 b 1,37 t 2,24 2,00 s 
4,07 q 

B 8,86 b 1,32 t 2,18 1,02 t 
4,27 q 2,33 q 
1,37 t 2,27 1.09 t 
4,09 q 2.47q 

c 4,65 b 

* T h e  f o l l o w i n g  s y m b o l s  w e r e  u s e d :  B is  t h e  b a s e ,  and C is  

c o n j u g a t e  a c i d .  

? T h e  s y m b o l s  a r e  a s  f o l l o w s :  s i s  s t n g l e t ,  d i s  d o u b l e t ,  t i s  

q i s  q u a r t e t ,  b is  b r o a d  s i g n a l ,  and  s t  i s  s p l i t  t r i p l e t .  

6,32q 

4,98b 

2,10s 

1,60 d 
4,98 b 
1,13 t 
2,53 
0,93 t q 
1,46 q 
4,92 }5 
6.64 d 

4,88 b 

2,28 s 

2,64 st 

2,23 s 

2,58t 

2,25 s 

2,60 t 

t h e  

t r i p l e t ,  

T A B L E  2. 
p y r r o l e s  

UV S p e c t r a  o f  B a s e s  and  C o n j u g a t e  A c i d s  of  C a r b e t h o x y -  

Compound 
Cpd. 
Iform. ~ Medium 

B HzO 
C 15 N H2SO4 
B Hg3 
C 15 N H2SO4 
B H~O 
C 15 N H2SO4 

H20 
C 28 N H2SO4 

28 N H2SO~ 
H~O 

C 22 N HzSO4 
22 N H2SO4 

C 17,3 N H~SO4 
17,3 N H2SO4 

H~O 
C * 17,3 N H2SO4 

C 17,3 N H2SO4 

Zn,,ax" 111-0 

262 235,5 
252 
275 236,5 
255 
272 227 
253 
275 250 
288 
277 
279 245 
263 220 
253 
287 250 
273 
263 
285 247 
275 
263 

2,4 -Dim ethyl - 3 -c arbethoxy - 
~yrrole (1) . . 

2,~,5-Trimethyl- 3-carDemoxy- 
pyrrole (If) 

2,4-Dimethyl-5-ethyl-3- 
carbethoxypyrrole (III) 

3,4-Dimethyl-2-carbethoxy- 
pyrrole (IV) 

3,5-Dimethyl-2-carbethoxypyr- 
role (V) 

3,4,5-Trimethyl-2-carbethoxy- 
pyrrole (VI) 

3,5-Dlmethyl-4-ethyl-2-carb- 
ethoxypyrrole (VII) 

5080 8960 
5230 
3590 6300 
48o0 
4800 9200 
5080 

15050 ll000 
48O0 
5OOO 

15800 3000 
4570 4300 
4800 

16650 4000 
5370 
5400 

19350 6000 
5620 
56O0 

* T h e  f o l l o w i n g  s y m b o l s  w e r e  u s e d :  B is  t h e  b a s e ,  C is  t h e  c o n j u -  

g a t e  a c i d ,  and  C*  * is  t he  u n s t a b l e  f o r m  of  t h e  c o n j u g a t e  a c i d .  

o f  t h e  p r o t o n s  o f  t h e  CH 3 g r o u p s  f o l l o w s  f r o m  a c o m p a r i s o n  of  t h e  s p e c t r a  of  I - I I I  and  is  in a g r e e m e n t  w i th  
t h e  d a t a  in [9]. T h e  s i g n a l  o f  a m e t h y l i d y n e  p r o t o n  is  a b s e n t  in t h e  s p e c t r u m  of  c o n j u g a t e  a c i d  Ia ,  and a 

b r o a d  s i g n a l  w i t h  an  i n t e n s i t y  of  two  p r o t o n  u n i t s ,  w h i c h  s h o u l d  be  a s c r i b e d  to  t h e  m e t h y l e n e  p r o t o n s  a t -  
t a c h e d  to  t h e  s p 3 - h y b r i d i z e d  5 - C  a t o m ,  a p p e a r s  a t  s t r o n g e r  f i e l d  ( 5 = 4 . 9 8  ppm) .  On  p a s s i n g  f r o m  b a s e  I 

to  c o n j u g a t e  a c i d  Ia ,  t h e  s i g n a l s  o f  t h e  2 -  and 4 - C H  3 g r o u p s  a r e  s h i f t e d  t o  w e a k  f i e l d  by 0 . 4 - 0 . 5  p p m .  O n e  

s h o u l d  n o t e  t h e  b r o a d e n i n g  of  t h e  s i g n a l  of  t h e  2 - C H  3 g r o u p  in t h e  s p e c t r u m  of  Ia ,  w h i c h  is  a p p a r e n t l y  due  

t o  l o n g - r a n g e  SSC wi th  t h e  m e t h y l e n e  g r o u p  a t t a c h e d  t o  5 - C .  

T h e  s i g n a l s  of  t h e  m e t h y l  p r o t o n s  in t h e  s p e c t r u m  of  b a s e  II a r e  s i n g l e t s ,  and  t h e  s i g n a l  of  t h e  2 - C H  3 
g r o u p  is  s i t u a t e d  a t  w e a k  f i e l d .  A b r o a d  m u l t i p l e t  of  t h e  m e t h y l e n e  p r o t o n  (6 = 4 . 9 8  ppm)  and  a d o u b l e t  of  

t h e  5 - C H  3 m e t h y l  g r o u p  ( 6 = 1 . 6 0  p p m ,  J = 7 . 0  Hz) a r e  o b s e r v e d  in t h e  s p e c t r u m  of  c o n j u g a t e  a c i d  I Ia .  T h e  

306 



C 

.2% 

4~CH 3 
2-CH 3 

5-cH 1 
-CH~-C% -CH~-f~ 

-4-CN~ 

-CH~CH 3 -CH~ 

tS-CH, 3-CH3-CH2-C--~H1 

5-CH 

CBH* 
C B 

1'51 t 2 4 

%0[ 5 

~ 
- 0,5[ 
-1~0 I- 

I I I t I 
-1,~ ~- '4 6 S 1~)12 14 16 18 20 212 24 

H2SO 4 conch., N 

Fig. 1 Fig. 2 

Fig. i .  PMR spec t ra  of the base (a), mixture of the intermediate  and stable forms 
of the conjugate acid (b), and of the stable form of the conjugate acid (c) of 3,5- 
d imethy l -2-carbe thoxypyr ro le  (V); of the base (d) and conjugate acid (e) of 2,4,5- 
t r im e thy l -3-oarbe thoxypyrro le  (II). 

Fig. 2. Indicator  curves  of carbe thoxypyrro les  I (1), II (2), VI (3), V (4), and IV(5). 

D=tgI~ 
I 

22O 24O 260 Z00 300 320 340 38O 
k,2-m 

Fig. 3. UV spect ra  of bases 
( ) and conjugate acids 
[ . . . .  ( intermediate form), 
..... (stable form) ] of carbe th-  
oxypyrro les  II (a), IV (b), V (c), 
and VI (d). 

signals of the methyl groups in the 2 and 4 positions are  shifted to 
weak field, just as in Ia, and broadening of the 2-CH 3 signal is ob- 
served.  The changes in the PMR spect rum on passing from the base 
to the conjugate acid of III a re  s imi la r  in cha rac t e r  and also c o r r e -  
spond to addition of a proton to the o~-5-C carbon atom. 

The protonation of 3 -carbe thoxypyrro les  I-III  leads to cha rac -  
te r i s t ic  changes in the UV spect ra  at 210-360 nm. Two bands with 
absorption maxima at 260-275 nm (~ 3600-5500) and 225-240 nm (g 
6000-10,000) are  observed in this region in the spec t ra  of the bases.  
Both bands should be ascr ibed  to 7r~ ~* transi t ions [10]. Protonation 
at the a - c a r b o n  atom of the pyr ro le  ring leads to a hypsochromie  
shift of these t ransi t ions,  and only one absorption band at 250-255 nm 
(a 4800-5300) is observed in the investigated region in the spec t ra  of 
conjugate acids Ia-IIIa .  Similar  changes in the UV spect ra  on passing 
from the bases to the conjugate acids,  which have the oz-pyrrolene 
s t ruc ture ,  have been observed for a lkylpyrroles  [1]. It should be 
noted that both the UV and PMR spect ra  of 3-carbe thoxypyrro les  
in 22-25 N H2SO 4 do not change with t ime, which charac te r i zes  the or '  
pyrrolene  s t ruc ture  Ia-I I Ia  as the stable form of the cations of these 
compounds. 

A change in the position of the carbethoxy group relat ive to the 
nitrogen atom of the pyr ro le  ring has a considerable  effect on the 
p ro ton-accep to r  capaci ty of the compounds of the type under  investi-  
gatiom Thus it follows from a compar ison  of the indicator curves 
(Fig. 2) that the bastci ty decreases  appreciably on passing from fl- 
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carbethoxypyrroles  I and II to the corresponding a - i s o m e r s  IV and VI. A study of the PMR and UV spec-  
t r a  of ~ -ca rbe thoxypyr ro les  IV-VII demonstrated that protonation of these compounds in 22-25 iN I-I2SO 4 
proceeds through the generat ion of an intermediate form,  which is converted to the stable form of the con- 
jugate acid in severa l  hours .  All of the signals that pertain to the intermediate forms of cations of IV-VII 
(Fig. 1) in the PMR spect ra  are  shifted to weak field relative to the corresponding signals of the stable 
forms.  Moreover ,  the grea tes t  difference between the chemical  shifts in the intermediate and stable forms 
of the cations is observed for  the methylene protons of the carbethoxy group (~0.3 ppm). The signals of 
the protons of the methyl groups of the intermediate forms of the cations of all of the examined 2-carbe th-  
oxypyrroles  a re  singlets,  and their  positions in the spectrum do not correspond to a change in the hybrid-  
ization of the pyrro le  ring carbon atom bonded to them. All of these data indicate that the s t ruc tures  of 
the intermediate  forms possibly correspond to addition of a proton to the carbonyl atom of the oxygen of 
the carbethoxy group, but the proof of such s t ruc tures  requires  additional investigation. 

The a - p y r r o l e n e  s t ruc ture  (IVa) corresponds  to the stable form of the conjugate acid of 3 ,4-dimethyl-  
2-carbethoxypyrrole .  The changes in the PMR spectrum on passing from base IV to conjugate acid Wa are  
s imi la r  to those descr ibed for  L The signal of a methylidyne proton in the 5 position, which is observed in 
the spectrum of the base as a doublet (J =3.0 Hz) at 6.64 ppm, is absent in the spect rum of IVa, and a broad 
signal of a methylene group with an intensity of two proton units appears at 4.88 ppm. The singlets of the 
3- and 4-CH 3 groups are  shifted to weak field relative to the spectrum of base IV. 

II 

I V a  

The s t ruc ture  of the stable forms of the conjugate acids of 2-carbethoxypyrro les  V-VII, which are  
substituted with a methyl group in the 5 position, does not correspond to protonation of these compounds 
at the pyr ro le  ring carbon atom. This conclusion follows pr imar i ly  from the shift in the signals of the 
protons of the methyl  groups to weak field and from the absence of a vicinal JCH3H SSC constant (N7 Hz). 
A signal of a 4-H methylidyne proton {6 =6.67 ppm), which is shifted to weak field by 0.91 ppm relat ive to 
the corresponding signal in the spectrum of the base, is observed in the spectrum of the conjugate acid of 
3 ,5 -d imethy l -2-carbe thoxypyr ro le  (V). The broad signal with an intensity of two proton units that is ob- 
served  in the spectra+of the stable forms of the conjugate acids of V-VII at 4.6-4.8 ppm can be assigned 
to the protons of the NtI 2 group. This assignment is  confirmed by the cha rac te r  of the splitting of the s ig-  
nal of the proton of the methyl  group in the 5 position, which appears in these spec t ra  as a tr iplet  with an 
SSC constant of 3.0 I-Iz. The double-resonance method established that this splitting is due to SSC with the 
protons,  the signal of which is observed at 4.6-4.8 ppm. The tr iplet  of the 5-CH 3 group in V is additionally 
subsplit due to SSC with the proton in the 4 position (J4-H, 5-CH 3 = 1.2 Hz). The signal of the protons of the 

3-CH+3 methyl group (doublet at 2.38 ppm) is split with approximately the same constant.  The signals of 

the NH 2 group and the 4-H proton are  absent in the spectrum of the cation of V in 22 N D2SO4, and splitting 
of the signals of the methyl  groups is not observed,  which indicates the comparat ively  high rate of exchange 
of the methylidyne protons of the pyrrole  ring by deuterium in the conjugate acids of 2-carbethoxypyrro les .  
The absence of signals of methylidyne protons in the spec t ra  of the intermediate forms of the cations of 
c~- and fl-unsubsti tuted IV and V is probably associa ted  with this.  

Thus it follows from an examination of the PMR spect ra  that the s t ruc tures  of the stable (in 22-25 
N tt2SO 4) forms of the conjugate acids of V-VII correspond to the addition of a proton to the nitrogen atom 
of the pyr ro le  ring (s t ructures  Vb-VIIb). 

R " F j - - ~  C H a 

H3C/'~ ~/~'CO 0 C. |f ~ 
/ \  
H tl 

vb-vilb 

Pecul iar i t ies  in the protonation of o~-carbethoxypyrroles also appear  in the UV spect ra  of these 
compounds. The spect ra  of aqueous solutions of bases IV-VII at 210-360 nm are  charac te r ized  by the 
presence  of two bands with absorption maxima at 275-285 nm (e 15,000-19,000) and 240-250 nm (e 4000- 
11,000). A less intense shor t -wave  band is observed as a shoulder on the h igh-energy wing of the tong- 
wave band (Fig. 3). Like the PMI~ spectra,  the UV spect ra  of the cations of these compounds change with 
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t ime.  Thus on passing from the 3 ,4 -d imethy l -2-carbe thoxypyr ro le  base (IV) to the corresponding cation, 
one observes  a bathochromic shift of the absorption bands and a considerable decrease  in the intensity of 
the long-wave band. A broad band with an absorption maximum at 228 nm (~ 4800) is present  in the spec-  
t rum of the conjugate acid measured  direct ly  af ter  preparat ion of the solution. This band is a s y m m e t r i -  
cal in form, and an inflection point at 310-320 nm can be isolated on the low-energy wing of the band. This 
sor t  of band s t ruc ture  is possibly due to the fact that the less intense, low-energy transi t ion is masked by 
a more  intense band with kma x 288 nm. Measurement  of the spect rum as a function of t ime demonstrated 
that the t ransi t ion to the stable form of the conjugate acid is accompanied by a shift in this band to the 
shor t -wave region. A symmet r i ca l  band with an absorption maximum at 277 nm (~ 5000) is observed in 
the spec t rum of the stable form of conjugate acid IVa. 

A considerable decrease  in the intensity and a shift of the absorption band maxima to the shor t -wave 
region by 10-20 nm occurs  on passing from the neutral  to the protonated forms of V-VII.  The t ransi t ion 
to the stable forms of the conjugate acids of these compounds causes a fur ther  hypsochromic  shift of the 
bands by ~10 nm without an appreciable change in their  intensit ies.  

E X P E R I M E N T A L  

Carbethoxypyrroles  I [11], II, HI [12], IV [13], V, and VI [14] were obtained via known methods;  VII 
was obtained in analogy with VI, and the melt ing point was in agreement  with the l i tera ture  value [15]. The 
stability of the investigated compounds with respect  to acid was demonst ra ted  by dissolving them in 36 N 
H2SO 4 and isolating the s tar t ing bases by the addition of water  af ter  2 h. The identical cha rac t e r  of the 
compounds isolated in this way and the s tar t ing bases was demonstra ted from a compar ison of the i r  IR 
spectra ,  from mixed melt ing-point  determinations,  and from the Rf values obtained from thin- l~yer  chro-  
matography.  

The PMR spect ra  of 2% solutions of the compounds in CDC13 and in 22-25 N H2SO 4 were measured  
with a JNM-4H-100 spec t romete r .  The chemical  shifts a re  presented on the 6 scale.  TetramethYlSilane 
(for solutions in CI)C13) and sodium 4 ,4-d imethy l -4-s i l apen tane- ] - su l fona te  (for solutions in H2SO 4) were 
used as the internal s tandards.  

The UV spect ra  were measured  with a Hitachi EPS-3T spectrophotometer .  Weighed  samples of the 
investigated substances were dissolved in 96% ethanol, and the solutions were then fur ther  diluted with 
t i t ra ted solutions of sulfuric acid. The concentrat ion of the 2-carbe thoxypyrro les  in the solutions was 
4 �9 10 -5 M, while the concentrat ion of the 3-carbe thoxypyrro les  was 6 �9 10-5 M. The ethanol concentrat ion 
in the measured  solutions was 1%. 
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