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The electronic absorption spectra of 29 pyrrole analogs of the chal- 
cones have been studied in solutions of strong acids and alkalies, in 
which the corresponding cations and anions are formed. It has been 
shown by means of the IR spectra that the protonation of the pyrrole 
chalcones takes place at the carbonyl group. Considerations are given 
of the structure of the organic cations and anions studied and of the 
characteristic features in the change in their coloration as a function 
of their chemical structure, Satisfactory correlations have been found 
between the shift of the absorption frequency of the long-wave band 
which takes place at the transition from a neutral solution (molecules) 
to an acid solution (cations) or to an alkaline solution (anions) and 
Hammett's o constants. Three 8-(4-haIophenyI)-l-(2-pyrryI)prope- 
nones not previously reported in the literature have been synthesized. 

In the p reced ing  commun ica t i on  [1] we d e s c r i b e d  
the r e s u l t s  of a study of the e l ec t ron ic  absorp t ion  
spec t r a  of the m o l e c u l a r  f o r m s  of c~, / ? -unsa tura ted  
ke tones  of the p y r r o l e  s e r i e s  in so lu t ions  of e thanol  
and eyelohexane.  As is well  known, p y r r o l e  and i ts  
de r i va t i ve s  p o s s e s s  s i m u l t a n e o u s l y  r e l a t i ve ly  weak 
bas ic  and weak acidic  p rope r t i e s .  Consequent ly  it  
might  have been expected that in suf f ic ien t ly  acid and 
a lkal ine  med ia  the p y r r o l e  analogs of the cha lcones  
would f o r m  the co r r e spond ing  ca t ions  and anions;  
we decided to study the spec t r a  of these  ions in the 
p r e s e n t  work. 

As the sub jec t s  for  inves t iga t ion  we se lec ted  the 
i s o m e r i c  p y r r o l e  cha leones  of the types: 

~--n? ~ o 
l! \N>~-C-c,:c.-R and - c .  =c.-c-R 

H H 

where  R r e p r e s e n t s  phenyl  (I, II), subs t i tu ted  phenyls  
with e l e c t r o n - d o n a t i n g  and e l e c t r o n - a c c e p t i n g  sub-  
s t i tuen ts  (V-XX),  2 - fu ry l  (XXI-XXlI) ,  2 - th ieny l  
(XXIII-XXIV), 2 - s e l e n i e n y l  (XXV-XXVI), 2 - p y r r y l  
(XXVII), and 2 -qu ino ly l  (XXVIII-XXIX), and also the 
N - m e t h y l  de r i va t i ve s  of the ketones  I and II (III and 
IV) (see table) .  

The m a j o r i t y  of the compounds s tudied fo rm col-  
o red  so lu t ions  of a ha loch romie  na tu re  when they a re  
d i s so lved  in 85% t r i ch lo roace t i c  acid, in 98% phos-  
phor ic  acid, in 5-50% solu t ions  of su l fu r i c  acid in 
g lac ia l  acet ic  acid, and in aqueous so lu t ions  of su l -  
fu r i c  acid (50-100%), these  so lu t ions  read i ly  being 
deco lo r i zed  on di lu t ion with water .  When the spe c t r a  
of ketones  II and XXVII, are  m e a s u r e d  in so lu t ions  of 
va r ious  concen t r a t i ons  of phosphoric  acid in g lac ia l  
acet ic  acid (at a cons tan t  concen t r a t i ons  of the ketones) ,  
i sobes t i c  points  a re  found on the abso rp t ion  cu rves .  
This  shows the ex i s t ence  of a c i d - b a s e  e q u i l i b r i a  which 
can be i l l u s t r a t e d  in the fol lowing way: 

o i v  
FI 

The s t r u c t u r e  of the conjugate  c a r b e n i u m  ion fo rmed  
can be i l l u s t r a t e d  by two l imi t ing  s t r u c t u r e s  ( c a rbe -  
n i u m  and i m m o n i u m  s t ruc tu r e s ) :  

+/OH ?H 
CII~CH--C--C6H 5 ~-~+/I~CIi--CH-. C~C6H 5 

H l~ 

The fact  that p ro tona t ion  in an acid m e d i u m  takes  
p lace  at the ca rbony l  group and not at the p y r r o l e  r ing  
is  c o n f i r m e d  by a study of the IR spe c t r a  that we ob- 
ta ined  of the f a i r l y  s table  hydroch lo r ides  of the ke-  
tones  VII and IX. The na tu re  of these  sa l t s  is appa ren t -  
ly analogous to the na tu re  of those that a re  fo rmed  in 
so lu t ions  of su l fu r i c  acid, s ince  the sol id  hydroch l -  
r i de s  ( ra t io  1 : 1) i so la ted  give co lored  so lu t ions  in 
d ich lo roe thane  the abso rp t ion  m a x i m a  of which co in -  
cide s a t i s f ac to r i l y  with kma x of the co r r e spond ing  
ha loch romic  so lu t ions .  The IR s p e c t r a  of sa l t s  of the 
ketones  VII and IX lack the bands  of the s t r e t ch ing  v i -  
b r a t i o n s  of ~ and N--t-I groups .  Moreover ,  the n u m -  
be r  of abso rp t ion  bands  in the sa l t s  is f a r  l e s s  than in 
the c o r r e spond i ng  ke tones .  We have not observed  the 
c h a r a c t e r i s t i c  " immon ium"  bands that were  obse rved  
by Yu. E. Sklyar  et al. [2] in the s p e c t r u m  of 3 - a c e -  
t y l - 2 , 4 - d i m e t h y l p y r r o l e  hydroch lo r ide  (1798 and 1957 
cm -1) and the other  bands  for  NH2 + and NIl + ci ted by 
B e l l a my  [3]. At tent ion is a t t r ac ted  by the s t rong  and 
b road  absorp t ion  band in the 1560-1610 cm -1 reg ion  
and the cons ide rab l e  absorp t ion  at 3100 cm -1 which is 
p robab ly  due to the [C--~H] + group [4]. However,  the 
pos i t ive  charge  is de loca l ized  to a c o n s i d e r a b l e  ex-  
tent  and it is i m p o s s i b l e  to give p r e f e r e n c e  to e i ther  
the i m m o n i u m  or the c a r b e n i u m  s t r u c t u r e .  The p y r -  
ro le  analogs of the chalcones  can  be cons ide red  as 
v inylogs  of amides  in which the e l ec t ron  dens i ty  is  d i s -  
p laced  f rom the n i t r ogen  atom to the carbonyl  group.  
The n i t r ogen  be a r s  a s t rong pos i t ive  charge  and is a l -  
r eady  p a r t i a l l y  qua t e rva l en t  (~3 v s ta te)  in consequence  
of which, as is known f rom the data of IR [5] and NMR 
[6-8]  spec t roscopy ,  the p ro tona t ion  of amides  takes 
p lace  at the oxygen atom. We come a c r o s s  an analogous 
t r a n s f e r  of the r eac t i on  c e n t e r  f r o m  the n i t rogen  atom 
to the oxygen atom in the addit ion of a p ro ton  to c~, 
f i -unsa tu ra t ed  f l -amino ca rbony l  compounds  [9], to c~- 
and 7 - p y r i d o n e s  [10, 11], and also to some  ca rbonyl  de- 
r i va t i ve s  of p y r r o l e  [2]. 

However ,  in a s t rong ly  acid m e d i u m  fu r the r  
p ro tona t ion  at the p y r r o l e  r i n g  is  not  excluded. 
This  conc lus ion  can be deduced f rom the fact  that 
kma  x for  the ke tones  I and III changes  only s l igh t ly- -  
f r o m  418 to 425 n m - - w h e n  the concen t r a t i on  of su l fu r -  
ic acid in wa te r  is i n c r e a s e d  f rom 50 to 90%, while in 
95-100% su l fu r i c  acid it is  45 nm.  This  addi t ional  
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Spectral Characteristics of Acid and Alkaline Solutions of the Pyrrole Chalcones 

Phenyl 

Phenyl 

4-Methylphenyl 

4-Mcthoxyphenyl 

2,4-Dimethoxyphcnyl 

4-Dimcthylaminophenyl 

4-Fluorophenyl 

4-Chlorophenyl 

4-Bromophenyl 

4-Nitrophenyl 

4-Biphenylyl 

2-Furyl 

2-Thienyl 

2-Selenienyl 

2-Pyrryl 

2-Quinolyl 

* X:-CH3. 
** i--inflection. 

com- 
pound 

IIi. 
V 

VII 

IX 

X 

XII 

XIll 

Xv 

XVII 

XIX 

XX! 

XXIII 

XXV 

XXVII 

XXVIII 

•T-'•--CO-CH =CH--R, X=fl 
X 

30% solution of sulfuric 
acid in glacial acetic  acid 

kmax, nm (e) 

260(6270); 415 (37600) 

260(5139); 315 i**; 
411(30440) 

265(7462); 320 i; 
427(41050) 

273(8090); 330(5750); 
462(44900) 

280(6370); 342(5960); 
490(49400) 

256(5980); 400(36200) 

325 i; 415(38200) 

265(69,90); 325 i; 
417(40200) 

265(5710); 325 i; 
417(39700) 

290(11500); 403(36500) 

278(15090); 340 i; 
440(36000) 

270(5670); 350(4020); 
455(45700) 

263(4070); 328(4740); 
453(38900) 

270(4700); 353(6052); 
462(41200) 

(l-propenones) 

20% ethanol ic  solut ion o f  
caustic potash 

kmax, nm (s) 

267(10600); 293(13680); 
380(18230) 

265(9185); 300(14570); 
380(20160) 

260(6339); 317(14600); 
380(23940) 

250(9033); 382(23860) 

265(11300); 290(14730) 
381(17990) 

271(12900); 295(16260) 
385(18000) 

268 (1.4490); 290 (18730) 
388 (18730) 

~ C H =  CH--cO--R, X~H (3-propenones) 
X 

[ 30% solut ion o f  sulfuric 20% ethanolic  solution o f  
corn- acid in glacial acetic  acid caustic potash pound 

kmax, nm (~) Kmax, nm (e) 

VIII 

XI 

XIV 

XVl 

XVIlI 

II 

IV* 

VI 

XX 

XXII 

267(4850); 33l(5450); 
477(40000) 

228(15000); 260(12900); 
308(9870); 408(37600) 

313(21260); 417(13200) 

252 (3890); 28o (4380); 
313(3734); 473(43800) 

280(2569); 315(1976); 
365 i; 480 (51390) 

260(4230); 285(4780); 
325(5330); 483(53300) 

265(5165); 350(7440); 
500(61980) 

270(5761); 463(36000) 

260(3090); 285(4520); 
325(4520); 475(50000) 

260(4231); 288(46t5); 
323(4999); 473(46150) 

280 (13400) ; 335 (4400) ; 
470(35200) 

273(10860); 353(6760); 
507(57970) 

263(4470); 288(4600); 
335(5340); 498(49000) 

285(5830); 333(4940); 
500(44100) 

255(3250); 293(5490); 
502(48700) 

260(12400); 323(4200); 
456(42600) 

316(20550); 390(21520) 

- -  X X I V  

- -  X X V I  

- -  X X I X  

255(7834); 460(25330) 

270(9436); 458(24840) 

295(5473); 455(14930) 

261(10300); 470(29000) 

257(11740); 465(27760) 

276(13450); 395(8448); 
505(14830) 

294(15770); 
470(25670) 
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m a r k e d  deepen ing  of the  c o l o r  of the  so lu t ion  can,  in 
ou r  opinion,  be  exp la ined  only  by the f o r m a t i o n  of the  

d o u b l y - c h a r g e d  ion "-~r-~ - & , - c , = c , - c ~ , 5 .  s i n c e  i t  h a s  
It 

been  shown p r e v i o u s l y  that  the  i n t roduc t i on  of an e l e c -  
t r o n - a c c e p t i n g  subs t i t uen t  (the p r o t o n a t e d  p y r r o l e  nu-  
c l e u s  m u s t  p o s s e s s  an e l e e t r o p h i l i e  in f luence)  into the  
m o l e c u l e  of a eha lcone  ad jacen t  to the e a r b e n i u m  a tom 
[ C--OH] + l e a d s  to a deepen ing  of the h a l o e h r o m i c  co l -  
o r a t i o n  [12-14] .  H o w e v e r ,  in th i s  c a s e ,  the a d -  
d i t i on  of a second  p r o t o n  not to the n i t r o g e n  a tom of 
the p y r r o l e  r i ng  but  to i t s  a -  o r  f l - e a r b o n  a t o m s  i s  
l i ke l y ,  a s  fo l lows  f r o m  the  l i t e r a t u r e  [15-17]  and f r o m  
a s tudy of the  NMR s p e c t r a  of ac id  so lu t ions  of p y r -  

r o l e  and i t s  h o m o l o g s  [18 -20] .  
In o r d e r  to e l u c i d a t e  the c h a r a c t e r i s t i c  f e a t u r e s  in 

the  change  of the  c o l o r  of the  eon juga ted  ca t i ons  f o r m e d  
in dependence  on t h e i r  s t r u c t u r e ,  we have  i n v e s t i g a t e d  
the  e l e c t r o n i c  a b s o r p t i o n  s p e c t r a  of the  p y r o t e  ana logs  
of the c h a l c o n e s  in 30% so lu t ions  of s u l f u r i c  ac id  {100%) 
in g l a c i a l  a ce t i c  ac id  in m o r e  de t a i l .  T h e s e  so lu t ions  
a r e  s p e c t r o m e t r i c a l l y  s t ab le  fo r  a v e r y  long t i m e  
( 5 - 1 0  h r )  and, as  a ru le ,  con ta in  only the ionic  f o r m s  
of the k e t o n e s .  The c o r r e s p o n d i n g  s p e c t r a l  c h a r a c t e r -  
i s t i c s  a r e  g iven  in the  t ab le .  In ac id  so lu t ions  a new 
in tense  a b s o r p t i o n  band a p p e a r s  in the r e g i o n  of v i s i -  
b l e  s p e c t r u m  which i s  c h a r a e t e r i s t i c  f o r  the  con juga ted  
ions  f o r m e d .  The  l o n g - w a v e  a b s o r p t i o n  m a x i m u m  of 
so lu t ions  of I - X X  (with the excep t ion  of X and XI) in 
30% s u l f u r i c  ac id  in g l a c i a l  ace t i c  ac id  a r e  d i s p l a c e d  
b a t h o c h r o m i e a t l y  in c o m p a r i s o n  with  kma x o r  the  
m o l e c u l a r  f o r m s  by 50 -122  nm. It is  i n t e r e s t i n g  that  
in a s e r i e s  of ana logous  ke tones  of the f u r a n  s e r i e s ,  
the t r a n s i t i o n  f r o m  the m o l e c u l a r  f o r m  to the ionic  
f o r m  is  a c c o m p a n i e d  by a c o n s i d e r a b l y  l a r g e r  ba tho -  
c h r o m i c  ef fec t  of 85 -138  nm [21]. The  sh i f t  of the ab-  
s o r p t i o n  m a x i m a  on p a s s i n g  f r o m  the b a s e  to the con-  
juga te  ac id  (in our  c a s e ,  to the p r o t o n a t e d  f o r m  of the 
ke tone)  depends  on PKa: the  g r e a t e r  the  b a s i e i t y  of the 
ke tone ,  the l a r g e r  m u s t  the b a t h o c h r o m i e  d i s p l a c e m e n t  
be [22]. The  e l e c t r o n - d o n a t i n g  inf luence  of p y r r y l  i s  
g r e a t e r  than  that  of f u r y l  [1], the b a s i e i t y  of the p y r -  
r o l e  c h a l e o n e s  is  h i g h e r  than that  of the fu ran  cha I -  
cones  [23], and the s a m e  law was  to be expec t ed .  The 
o b s e r v e d  l o w e r  shi f t  of kma x in the p y r r o l e  ke tones  
than in the  f u r a n  ke tones  can p r o b a b l y  be exp l a ine d ,  
on one hand,  by s o l v a t i o n  in f luences  weaken ing  the 
donor  in f luence  of the p y r r o l e  nuc leus  and on the 
o the r  hand by  the f ac t  tha t ,  a s  a r e s u l t  of the c o n j u g a -  
t ion of the p y r r o l e  r i ng  with the p r o t o n a t e d  e a r b o n y l  
g roup  the weight  of the e a r b e n i u m  s t r u c t u r e  r e s p o n s i -  
b le  fo r  the h a l o e h r o m i e  c o l o r a t i o n  d e c r e a s e s .  In ad-  
d i t ion  to th i s ,  in the 3 - a r y l - l - ( 2 - p y r r y l ) - l - p r o p e n o n e  
and, p a r t i c u l a r l y ,  the 1 - a r y l - 3 - ( 2 - p y r r y l ) p r o p e n o n e  
s e r i e s ,  i . e . ,  m o n o t y p i e a l  eompounds ,  wi th  a r i s e  in 
the b a s i e i t y  Lae shi f t  of the a b s o r p t i o n  m a x i m u m  in 
the  p a s s a g e  f r o m  the m o l e c u l e  to the ca t ion  i n c r e a s e s  
and a f a i r l y  s a t i s f a c t o r y  c o r r e l a t i o n  is  found ( f igure ,  
c u r v e  1) be tween  the d i f f e r e n c e s  in the f r e q u e n c i e s  of 
a b s o r p t i o n  of the ke tone  and i ts  con juga te  ac id  and 

H a m m e t t ' s  c r -constants* ,  a c c o r d i n g  to the  equa t ion  

Nhc 
(AvH-- AVR) - -  =OCt, 

2.303RT 

w h e r e  A~ H is  the d i s p l a c e m e n t  of the f r e q u e n c y  of the 
a b s o r p t i o n  on p a s s i n g  f r o m  the m o l e c u l a r  f o r m  to the 
ionic  f o r m  f o r  1 - p h e n y l - 3 - ( 2 - p y r r y l ) - l - p r o p e n o n e  and 
A~I~ is  the ana logous  shi f t  f o r  ke tone s  having  a sub-  
s t i t uen t  in the be nz e ne  nuc leus .  

CM" �9 
J 

*!500. 

"lOgO 
,5~D 

0 

-500- 

-I000. 

2 

oOC~;a / ~  NO2 
! 

Ogz 

~~~NO~ 
-20( { 

-0.5 0 *05 *t ~, 

C o r r e l a t i o n  be tween  the a cons t an t s  and 
A~ f o r  1 - a r y l - 3 - ( 2 - p y r r y l ) - l - p r o p e -  
nones  and t h e i r  conjuga te  ac ids  (the 
s t r a i g h t  l ine  1, r = 0.988; p = 5.54; 
s = 0.89) and be tween  the a cons tan ts**  
and A> f o r  the  3 - a r y l - l - ( 2 - p y r r y l ) -  
1 - p r o p e n o n e s  and the conjuga te  b a s e s  
( s t r a i g h t  l ine  2, r = 0.978; p = 3.69; 

s = 0.50). 

The r e p l a c e m e n t  in the cha lcone  (kma x of the h a l o -  
c h r o m i c  so lu t ion  401 nm [26]) of the  a r o m a t i c  nuc leus  
r e m o t e  f r o m  the c a r b o n y l  group by a p y r r o l e  nuc leus  
l e a d s  to a b a t h o c h r o m i c  e f fec t  of 72 nm. At the s a m e  
t i m e ,  the ana logous  r e p l a c e m e n t  c a r r i e d  out ad j acen t  
to the c a r b o n y l  g roup  de e pe ns  the c o l o r a t i o n  by only 
14 nm (of. I and II). The l a t t e r  c i r c u m s t a n c e  led  
N. Max im in 1938 [27] to the i n c o r r e c t  s t a t e m e n t  that  
the p y r r o l e  r ing  has  no in f luence  on the a b s o r p t i o n  
s p e c t r u m  of h a l o c h r o m i c  so lu t ions .  The m a i n  c h r o m o -  
p h o r e s  r e s p o n s i b l e  fo r  the h a l o e h r o m i c  c o l o r a t i o n  in 
the 1 - ( 2 - p y r r y l ) - p r o p e n o n e s  is  the a tom group ing  
R--CH==CH--COH - ,  whi le  in the 3 - ( 2 - p y r r y l ) - l - p r o -  

penones  it is  ~ . , ~ - - c . = c . _ & . -  Hence  it i s  n a t u r a l  that  
H 

*The legitimacy of this correlation has recently been 
substantiated by Hancock et al. [24, 25]; at the present 
time there is still only a limited number of examples 
of its observation. 

**The point for the methoxy group deviates by a 
large amount apparently because of the inadequate 
acidity of the corresponding ketone, and it was not 
taken into account in the calculation. 
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the  n a t u r e  of the r a d i c a l  R in the  1 - ( 2 - p y r r y l ) - l - p r o -  
penones  h a s  a f a r  g r e a t e r  e f fec t  on the c o l o r a t i o n  of 
the  s u l f u r i c  ac id  so lu t ions  than in the 3 - ( 2 - p y r r y l ) - l -  
p r o p e n o n e s  ( s ee  table) ."  It fo l lows f r o m  the da ta  g iven  
tha t  donor  s u b s t i t u e n t s  (CH3, CH~O, e tc .  ) in the 
1 - ( 2 - p y r r y l ) - l - p r o p e n o n e s  c a u s e  a c o n s i d e r a b l y  g r e a t -  
e r  b a t h o c h r o m i c  ef fec t  than in the 3 - ( 2 - p y r r y l ) - l - p r o -  
penones  ( c o m p a r e  I, II wi th  V - I X ) .  The  d i m e t h y l a m i n o  
g roup  i s  p r o t o n a t e d  in an ac id  m e d i u m ,  acqu i r i ng  a c -  
c e p t o r  p r o p e r t i e s ,  which  l e a d s  to a h y p s o c h r o m i c  d i s -  
p l a c e m e n t .  The  ha logens  (F ,C1,  Br)  in compounds  
X I I - X V I  e x e r t  no a p p r e c i a b l e  in f luence  on the h a l o -  
c h r o m i c  c o l o r a t i o n .  A n i t r o  g roup  p r e s e n t  in the nu-  
c l eus  r e m o t e  f r o m  the c a r b o n y l  g roup  in compound 
XVII c a u s e s  a r e l a t i v e l y  s m a l l  h y p s o c h r o m i c  ef fec t ,  
whi le  if t h e s e  g r o u p s  a r e  p r e s e n t  s ide  by  s ide ,  as  in 
compound  XVIH, it has  a l m o s t  no inf luence  on the p o -  
s i t i on  of Xma x of the l o n g - w a v e  band.  The  e l e c t r o n -  
accep t ing  n a t u r e  of the n i t ro  g roup  can  a p p a r e n t l y  be 
c o n s i d e r a b l y  weakened  b e c a u s e  of i ts  i n t e r a c t i o n  with  
the m o l e c u l e s  and p r o t o n s  of the s u l f u r i c  ac id  and the 
f o r m a t i o n  of compounds  th rough  s o l v a t e s ,  h y d r o g e n  
bonds ,  e tc .  [28]. The  2 -qu ino ly l  g roup  b e h a v e s  s i m i -  
l a r l y  to the 4 - n i t r o p h e n y l  g roup  (cf. XXVIII, XXIX) and 
under  t h e s e  cond i t ions  it is  p r o b a b l y  p r o t o n a t e d  and 
exh ib i t s  e l e c t r o n - a c c e p t i n g  p r o p e r t i e s .  The in f luence  
of fu ry l ,  th ienyl ,  and s e l e n i e n y l  g r o u p s  on the c o l o r a -  
t ion ( c o m p a r e  XXI-XXVI)  is  a p p r o x i m a t e l y  the s a m e  
as  that  of 4 - a n i s y l .  It is  i n t e r e s t i n g  that  in th i s  c a s e  
2 - s e l e n i e n y l  p o s s e s s e s  a s o m e w h a t  g r e a t e r  ba tho -  
c h r o m i c  in f luence  than 2 - f u r y l  and 2 - t h i e n y l .  The in-  
t r o d u c t i o n  of a second  p y r r o l e  r i ng  in p l a c e  of phenyl  
l e a d s  to a c o n s i d e r a b l e  l o n g - w a v e  d i s p l a c e m e n t  only 
w h e r e  th is  subs t i t u t i on  has  t aken  p l a c e  r e m o t e  f r o m  
the c a r b o n y l  g roup  ( c o m p a r e  I, II and XXVII), the 
b a t h o c h r o m i c  ef fec t  fo r  2 - p y r r y l  be ing  f a r  g r e a t e r  
than fo r  f u ry l ,  th ieny l ,  and s e l e n i e n y l  ( c o m p a r e  X X I -  
XXVII).  Th is  c o n f i r m s  the high e l e c t r o n - d o n a t i n g  in-  
f luence  of 2 - p y r r y l ,  which  e x c e e d s  that  fo r  f i v e - m e m -  
b e r e d  h e t e r o c y c l i c  r a d i c a l s  con ta in ing  h e t e r o a t o m s  of 
the s ix th  g roup  of D. I. M e n d e l e e v ' s  p e r i o d i c  s y s t e m  

[23]. 
When the pyrrole analogs of the chalcones are dis- 

solved in 20% ethanolic caustic potash or in 2 M so- 
dium ethoxide solution, in the majority of cases there 
is a deepening of the color as compared with the neu- 
tral solutions (table). Thus, for example, in alkaline 
solutions the ketones I and II have a deeper coloration 
than in e thano l  by 4 0 - 7 0  nm. In a s tudy of the a b s o r p -  
t ion s p e c t r a  of the  k e t o n e  II in e thanol ic  so lu t ions  of 
c a u s t i c  po ta sh  of v a r i o u s  c o n c e n t r a t i o n s ,  an i s o b e s t i c  
point  was  o b s e r v e d .  Consequen t ly ,  the p y r r o l e  cha l cones  
exh ib i t  a c i d i c  p r o p e r t i e s  and  r e a c t  wi th  s t r o n g  b a s e s :  

o r  

~N'IN~cO--CH =CH--R § Or1 
H 

~-~--CH= CH--CO--R + OIt 
tl 

_ 
~-" I~N-~--CO--CH =CH--R + H20 

The n e g a t i v e  c h a r g e  i s  a p p a r e n t l y  not l o c a l i z e d  on 
the n i t r o g e n  a tom and the s t r u c t u r e  of the anion 

f o r m e d  can  be  r e p r e s e n t e d  as: 

I I o " - "  ~ - n - ~ = c - c . ~ c . -  r 

o 6 

In the  l i t e r a t u r e  t h e r e  is  i n f o r m a t i o n  ob ta ined  on the 
b a s i s  of a s tudy of the IR s p e c t r a  [29] that  the a l k a l i -  
m e t a l  s a l t s  of c a r b o n y l  compounds  of p y r r o l e  a r e  not 
N - m e t a l  d e r i v a t i v e s  but  s a l t s  at the c a r b o n y l  g roup  

of the type  of ~ c <  ' We have s u c c e e d e d  in i s o -  

l a t ing  the sod ium s a l t s  of ke tones  XII, XIII, and XV by 
t h e i r  r e a c t i o n  with  m e t a l l i c  sod ium in abso lu t e  to luene 
so lu t ion .  However ,  b e c a u s e  of t h e i r  high h y g r o s c o p i -  
c i ty ,  on m e a s u r i n g  t h e i r  IR s p e c t r a  in p a r a f f i n  oi l  we 
d i d n o t  o b s e r v e  the c o m p l e t e  d i s a p p e a r a n c e  of the bands  
of the s t r e t c h i n g  v i b r a t i o n s  of the ~ and N--H g roups ,  
a l though t h e i r  i n t ens i ty  had fa l l en .  The a p p e a r a n c e  of 
a p ronounc e d  peak  at 1530-1550 cm -1 can  a l so  be 
noted;  by  ana logy  with the a b s o r p t i o n  of the c a r b o x y -  
l a t e  ion [3] we a s c r i b e  th is  band to the s t r e t c h i n g  v i -  
b r a t i o n s  of C--O-.  

The  i n t roduc t ion  of e l e c t r o n - a c c e p t i n g  sub s t i t uen t s  
in the m o l e c u l e s  of ke tones  I and II l e a d s  to a deepen ing  of 
of the c o l o r  of the  c o r r e s p o n d i n g  anion ( c o m p a r e  
XI I -XVII I ) .  Thus ,  fo r  example ,  a n i t r o  g roup  c a u s e s  
a c o n s i d e r a b l e  b a t h o c h r o m i c  effect  amount ing  to 3 7 -  
45 nm.  E l e c t r o n - d o n a t i n g  g roups  (CH 3, CH30), on the 
o t h e r  hand, l e ad  to a s l igh t  h y p s o c h r o m i c  d i s p l a c e m e n t  
when they  a r e  l o c a t e d  in the a r o m a t i c  nuc leus  ad j a -  
cen t  to the c a r b o n y l  g roup  ( c o m p a r e  VI and VIII) 
whi le  in the 1 - ( 2 - p y r r y l ) - l - p r o p e n o n e s  ( c o m p a r e  V and 
VII) they  have  no inf luence  w h a t e v e r  on the c o l o r a t i o n  
of the anion.  Since  e l e c t r o n - a c c e p t i n g  subs t i t uen t s  
m u s t  s t a b i l i z e  the s t r u c t u r e  with the  nega t ive  cha rge  
on the oxygen a tom,  th i s  is  a p p a r e n t l y  r e s p o n s i b l e  
fo r  the c o l o r  of the anion and is to be p r e f e r r e d .  Thus,  
the c h a r a c t e r i s t i c s  of the e l e c t r o n i c  a b s o r p t i o n  s p e c -  
t r a  to s o m e  ex ten t  c o n f i r m  the fac t  that  the a l k a l i - m e t -  
al s a l t s  of the c a r b o n y l  compounds  of p y r r o l e  a r e  s a l t s  
at the c a r b o n y l  g roup  to a g r e a t e r  ex tent  than at  the 
n i t r o g e n  a tom [29]. 

In a c o m p a r i s o n  of the a b s o r p t i o n  f r e q u e n c i e s  of 
the  l o n g - w a v e  band of the ke tones  in a n e u t r a l  so lven t  
(e thanol)  and in an a lka l ine  m e d i u m  (20% e thano l ic  s o -  
lu t ion  of c a us t i c  potash) ,  i t  i s  e a s y  to s e e  that  h e r e ,  
a l so ,  t h e r e  is  a c o r r e l a t i o n  s i m i l a r  to that  which we 
have  o b s e r v e d  fo r  the  ac id  so lu t ions .  However ,  whi le  
fo r  ac id  so lu t ions  th is  c o r r e l a t i o n  i s  o b s e r v e d  b e t t e r  
fo r  the 1 - a r y l - 3 - ( 2 - p y r r y l ) - l - p r o p e n o n e s ,  in th is  
c a s e  it is  fo l lowed m o r e  s a t i s f a c t o r i l y  fo r  the c o r r e -  
sponding 1 - ( 2 - p y r r y l ) - l - p r o p e n o n e s  ( F i g u r e ,  cu rve  2). 

The  p r o p e r t i e s  of the p y r r o l e  ana logs  of the c h a l -  
cones  that  have  been  g iven  p e r m i t  the a s s u m p t i o n  that  
the  l a t t e r  can be  used  not  only fo r  d e t e r m i n i n g  H a m -  
m e t t ' s  H0 funct ion  of ac id  so lu t ions  but a l so  fo r  d e t e r -  
min ing  the H-  ac id i ty  funct ion of s t r o n g l y  b a s i c  so lu -  
t ions .  
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EXPERIMENTAL 

The synthesis and properties of the pytrole analogs of the chalcones, 
with the exception of XII, XV, and XVI, has been described previously 
[I, 30, 31]. Compounds XIL XV, and XVI were also obtained by the 
crotonic condensation of the corresponding aldehydes and methyl ke- 
tones in an alkaline medium. 

3-(4-Fluorophenyl)-l-(2-pyrryl)-l-propenone (Xll)--from 2- 
aeetylpyrrole and 4-fluorobenzaldehyde. Colorless plates. Yield almost 
quantitative. Mp 138 ~ C (from methanol). Found, %: N 6.69, 6.60. 
Calculated for C~aHIoFNO, %: N 6.53. 

3-(4-Bromophenyl)-l-(2-pyrryl)-l-propenone (XV)-from 2- 
acetylpyrrole and 4-bromobenzaldehyde. Colorless plates. Yield quan- 
titative. Mp 181" C (from methanol). Found, %: N 5.00, 5.03. Cal- 
culated for CIaHIoBrNO, %: N 5.07. 

l-(4-Bromophenyl)-3-(2-pyrryl)-l-propenone (XVl)-from pyrrole- 
2-aldehyde and 4-bromoacetophenone. Yellow-green plates. Yield 
quantitative. Mp 192 ~ C (from methanol). Found, %: N 5.11, 5.23. 
Calculated for CnH10BrNO, %: N 5.07. 

Hydroehloride of the ketone VII. An ether solution of hydrogen 
chloride saturated in the cold was added to an ether solution of the 
ketone (0.001 mole). The bright red crystalline precipitate that de- 
posited was filtered off, washed repeatedly with absolute ether, and 
dried in vacuum for 2 hr. Mp 119-120 ~ C. Found, %: C1 13.38, 13.21. 
Calculated for CIaHt4NOz CI, %: CI 13.42. 

The hydrochlo~ide of ketone X was obtained similarly to the pre- 
ceding compound. Dark red needles, mp 130-132" C. Found, %: 
C1 11.89, 11.80. Calculated for CisH~NO3C1 , %: C1 12.08. 

The sodium salts of the pyrrole chalcones were synthesized by the 
method of Treibs and Dietl [293 . 

The UV absorption spectra were measured on an SF-4 speetropho- 
tometer at concentrations of the solutions from 2 x i0-5 to 4 x 10 -s M. 
The IR spectra were recorded in tablets with KBr (concentration of the 
substance 2 rag/200 mg of KBr) and in paraffin oil on a UR-10 spec- 
trometer. 
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