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The format ion  of hydroxy- ,  acy loxy- ,  ch lo ro - ,  and t e t r ach lo rophosphoroxycarbon ium ions 
was es tab l i shed  on the bas i s  of the e lec t ronic  absorpt ion s p e c t r a  of thiophene-containing 
analogs of chalcones  and the i r  de r iva t ives  in concent ra ted  sulfur ic  acid, in dilute solutions 
of sulfur ic  acid In acet ic  and t r i ch lo roace t i c  anhydr ides ,  and in ace toni t r i le  benzene,  di-  
chloroethane,  and n i t romethane  in the p re sence  of phosphorous  pentachior ide .  

Considera t ions  favoring a hydroxycarbonium s t ruc tu re  for  the cation were  p rev ious ly  e x p r e s s e d  in a 
study of acid solutions of unsa tura ted  ketones [1,2]. This  so r t  of s t ruc tu re  for  the cat ions is also cons idered  
to be m o r e  l ikely in [3-5]. In our p r e l i m i n a r y  communica t ion  [6], we used  a spec t ropho tomet r i c  method to 
demons t r a t e  the convers ion  of hydroxycarbonium ions to acyloxycarbonium ions.  The format ion  of ace toxy-  
ca rbonium ions of ketones  in acid media  containing acet ic  anhydride was p roposed  In [7, 8]. 

D 
23! 

2,o[ 

1,75 

1,sc 

1,25 

1,oo 

o,7~ 

o,5o 

o25 

t 

500 . . . .  

G 

6~o /~  nm 

.3. 

8O0 4. 
~ 

600L~ "~* 2 

5~ 

Fig.  1 Fig. 2 

Fig.  1. Absorpt ion s p e c t r a  of 1 ,5 -d i (2 - th ieny l ) - l , 4 -pen tad ien-3 -one  
in 0.55% H2SO 4 in (CC13CO)20 as a function of t ime :  1) 10 rain; 2) 20 
rain; 3) 30 rain; 4) 1 h; 5) 2 h 40 rain; 6) 5 h 50 rain; 7) 12 h. 

Fig. 2. Dependence of the absorpt ion  m a x i m a  of vinylogs of the th io-  
phenol analog of chalcone on the number  of methine groups:  1) 3% PC15 
in CH3CN; 2) 60% H2SO4; 3) 1.63% CCI3COOH in (CC13CO)20; 4) 3% PCI 5 
in CGH 6. 
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T A B L E  I. 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  T h i o p h e n e - C o n t a i n i n g  
A n a l o g s  of C h a l c o n e s  and T h e i r  D e r i v a t i v e s  

Compound* 

R--CO--CH-----CH--R1 
R--CH-~-CH--CO--R1 
R--CO--(CH----CH)~--Rt 
R--(CH~-~CH)2--CO--B1 
R--CH=CH--CO--CH----CH--R1 
R--(CH-=CH)~--CO--CH= CH--RI 
R--CH~ CH--CO--~CH~--CH)2--R1 
R--CO--CH=CH--R~--CtIa 
R--CH=CH--CO--R~--CHs 
R--CO--(CH----CH)~--R~--CHs 
R--(CH---~ CH)~--CO--R~--CHs 
R--CH----~CH--CO--CH~ 

----=CH--R~--CHs 
R--CO--CH:CH--Rz--OCHa 
R--CH-~CH--CO--R~--OCHs 
R--CO-- (CH~ CH)~--R~--OCH~ 
R--(CH-~CH)~--CO--R~--OCHs 
R--CH--CH--CO--CH-~ 

=CH--R~--0CHs 
R--CO--CH-- CH--R~--(OCHs)~--2,4 
R--CH~ CH--CO--Ra-- (OCHs)~--2~4 
R--CO-- (CH-----CH)s--Rs--(OCHs)~--2,4 
R--(CtI--~ CH)~--CO--Rs--(OCH~)z--2,4 
R--CH-----CH--CO--CHP~ 

----- CH~R~--(OCH~)~--2,4 
R--CO--CH----- CH--R~--N(CH~)~ 
R--CH= CH--CO--R~--N(CH~)~ 
R--(CH-----CH)z--C0--R~--N(CHa)~ 
R--CH~ CH--CO--CH= 

=CH~R~--N(CHa)~ 
R--CO--CH-~ CH.--R~--R~ 
R--CH~ CH--CO--R~--R~ 
R-- ( CH-~-~ CH)~--CO--R~--R~ 
R --CH~ CH--CO--CH: CH--R~--R~ 
R--CH~CH--C0--R 
R--CO--(CH-----CH)~--R 
R--CH~---CH--CO--CH=CH--R 
R--(CH---~CH)~--CO--CH= CH--R 

X ~lax' r i m  

~ e 
mO ~0 I 

I t =g I 

r ~9 

420 
460 
480 
540 
490 
550 
525 
450 
450 

490 
5(10 

480 
465~ 

48O 
460 

526 
530 

526 
462 
544 
4O5 ! 

470 ! 6t5 t 6t5 
480 605] 605 
650 678 ] 
525 6851 6~ 
460 574 / 574 
51o 65o~ 65o 
513 655/ 658 
540 7101 732 

R2 = - - ~ - - ,  R a ~ - -  �9 

~Z g5 ~d 
~.~ ~.~ 

620 490 
650 490 
698 5t5 
698 5t5 

~3 ~0 
656 487 

6t0 466 
630 466 
674 520 
676 500 
700 5t4 

6i5 505 
614 477 

; s  
704 538 

564 -- 
590 520 
668 
620 ~2 

~0 5t0 
690 498 
587 450 
665 507 
675 520 
760 555 

In o r d e r  to  s t u d y  the  s t r u c t u r e  of the  h a l o c h r o m i c  s a l t s ,  we u n d e r t o o k  a s p e c t - r o p h o t o m e t r i c  i n v e s t i -  
ga t ion  of v a r i o u s  t h i o p h e n e - c o n t a i n i n g  u n s a t u r a t e d  k e t o n e s .  

A s  s e e n  f r o m  T a b l e  1, the  a b s o r p t i o n  m a x i m a  fo r  s o l u t i o n s  of the  k e t o n e s  in c o n c e n t r a t e d  s u l f u r i c  
a c i d  l i e  a t  428-578  n m .  H o w e v e r ,  two b a n d s ,  the  f i r s t  of  which  i s  found in the  r e g i o n  of t he  a b s o r p t i o n  
m a x i m a  of s u l f u r i c  a c i d  s o l u t i o n s ,  the  s e c o n d  of which  i s  s i t u a t e d  at  l o n g e r  w a v e l e n g t h s ,  w e r e  ob t a ined  fo r  
a c i d  s o l u t i o n s  of  the  k e t o n e s  in a c e t i c  and t r i c h l o r o a c e t i c  a n h y d r i d e s  in the  v i s i b l e  r e g i o n  of the  s p e c t r u m .  
The  p o s i t i o n  of the  f i r s t  h a l o c h r o m i c  band  of the  s a m e  ke tone  r e m a i n s  v i r t u a l l y  unchanged  on p a s s i n g  f r o m  
c o n c e n t r a t e d  s u l f u r i c  a c i d  to  a c i d  s o l u t i o n s  in a c i d  a n h y d r i d e s .  A t  the  s a m e  t i m e ,  the  p o s i t i o n  of  the  s e c o n d  
a b s o r p t i o n  m a x i m u m  c h a n g e s  a p p r e c i a b l y  on p a s s i n g  f r o m  a c e t i c  to t r i c h l o r o a c e t i c  a n h y d r i d e  (Table  1). 
T h e s e  i n v e s t i g a t i o n s  of  the  a b s o r p t i o n  s p e c t r a  o f  a c i d  s o l u t i o n s  of  t he  k e t o n e s  in t r i c h l o r o a c e t i e  a n h y d r i d e  
a s  a funct ion  of the  t i m e  and a c i d  c o n c e n t r a t i o n  d e m o n s t r a t e d  tha t  the  t r a n s f o r m a t i o n s  tha t  o c c u r  a r e  r e -  
v e r s i b l e  in s e v e r a l  h o u r s  (F ig .  1).  

I t  can  t h e r e f o r e  be  a s s u m e d  tha t  the  f i r s t  h a l o c h r o m i c  band  i s  r e l a t e d  to the  h y d r o x y c a r b o n i u m  ion,  
wh i l e  the  s e c o n d  band  p e r t a i n s  to  i t s  a c y l  d e r i v a t i v e :  

H "~- 4 ~ (RCO)20  + .0  
>C=o ~ >C--OH =:' --" >C--O~C< R=GH 3, CCI 3 

R 
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Because of the e l ec t r en -accep to r  effect  of the acetyl  and t r i ch lo roace ty l  groups,  the absorption maximum 
of the second halochromic  band of acid solutions in acetic anhydride and, par t icu lar ly ,  in t r i ch loroace t ic  an- 
hydride is considerably higher  than the absorption maxima of the f i r s t  halochromic band, and its magnitude 
approaches that of the corresponding carbonium ion [9, 10]. 

§ + 
The in te rmedia te  formation of carbonium ions of the >C--O--PCI4 and >C--C1 s t ruc tu res  during the 

react ion of ketones with phosphorus pentachloride is proposed in [11]. We found that most  of the ketones 
that we invest igated form two types of colored  solutions in solvents containing phosphorus pentachloride - 
orange to red-brown in acetoni t r i le  and blue to green in benzene,  dichloroethane,  and n i t romethane .  As 
seen f rom Table 1, the absorption maxima of solutions of the ketones in acetoni t r i le  containing phosphorus 
pentachlor ide are  c lose to those for solutions of the ketone in concentra ted  sulfuric acid. This is apparent-  
ly associa ted with the formation of chlorocarbonium ions under  the influence of phosphorus pentachloride,  
since the i r  absorpt ion spec t r a  differ  l i t t le f rom the spec t r a  of the hydroxycarbonium ion [5]. Higher ab-  
sorp t ion  maxima that were  close to the absorption maxima of acid solutions of the ketones and t r i ch lo ro -  
acetic anhydride were  obtained for  solutions of the ketones in benzene containing phosphorus pentachloride.  

It can the re fo re  be assumed that carbonium ions of the >C--OPCI4. s t ruc tu re  are  formed in benzene solutions 
containing phosphorus pentachlor ide .  

The re  is a l inear  dependence for all of the thiophene-containing unsatura ted ketones between thei r  
k max values and the number  of methine groups (Fig. 2). This se rves  as an additional confirmation of the 
s imi l a r i t y  of the sal ts  

~ : C H ~ C H  ~:C"-- 'CH'~CH "'" ( X = O I t ,  OCOC}~ 3, OCOCCI 3, CI, OPCi 4) 

to cyanine dyes,  for  which a s imi la r  r egu la r i ty  was noted [12, 13]. 

The position of the long-wave maximum depends on the e lec t ronic  effect  of X, and, as is apparent  
f rom the data in Table  1, the te t rachlorophosphoroxy group ( -O-PC14)  has a par t icu lar ly  s trong e lec t ron-  
acceptor  effect .  

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

The ~,  f l -unsa tura ted  ketones were  synthesized by the crotonic  condensation of the appropr ia te  alde- 
hydes mud methyl  ketones of the aromat ic  and thiophene s e r i e s  by the methods in [14, 15]. 

The e lec t ronic  absorption spec t r a  of 5 �9 10-4-1 �9 10 -5 M solutions were  measu red  with SF-4 and SF-  
10 spec t ropho tomete r s .  
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