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III .*  PREPARATION AND PROPERTIES OF IODONIUM DERIVATIVES OF INDOLN 
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I .  P .  G r i n b e r g a ,  a n d  O .  Yao  N e i l a n d  

React ion of indole with phenyl iodosoaceta te  in alkaline media  leads to the uns table  {~ -phenyl -  
iodonioindole betaine,  the more  s tab le  tosy la te  and f luoborate  of which were  used for  the in-  
t roduct ion of a pyr id ine ,  quinoline, and isoquinoline molecule  into the /~ -pos i t i on  of indole to 
give the co r respond ing  tosy la tes  and f luoborates  of fl - (N-pyr id in io ) - ,  f l - (N-quinol inio)- ,  and 
t3-(N-isoquinolinio)indole.  I n t r a m o l e c u l a r  charge  t r a n s f e r  f r o m  the donor indole s y s t e m  to 
the accep t e r  onium s y s t e m s  is detected f r o m  the UV s p e c t r a l  data .  The acidi ty constants  of 
a number  of fi -on ium der iva t ives  of indole were  de te rmined  by spec t ropho tome t ry .  

In previous  papers  one of us [2] mentioned the poss ib i l i ty  of obtaining f l-phenyliodonioindole betaine 
(I). In the p r e s e n t  r e s e a r c h  we have made a m o r e  detai led s tudy of the phenyliodonation of indole and have 
s tudied s o m e  p rope r t i e s  of phenyliodonium der iva t ives  of indole. 

React ion of indole with phenyl iodosoaceta te  gave, in good yield, the unstable  13 -phenyliodonioindole 
beta ine  (I), which is inclined to undergo e lec t r i f ica t ion  and spontaneous decomposi t ion  (even explosively  on 
grinding) .  T r e a t m e n t  of betaine I with equ imola r  amounts of p- to luenesul fonic  acid and f luoboric  acid gives 
the r e l a t ive ly  m o r e  s tab le  f i -phenyl iodonioindole  tosy la te  and f luoborate  (IIa, b), which can be s t o r ed  for  
s e v e r a l  days in the cold in the dark .  

+ @ 

t l  H 

I , I l a ,  b 

H 

III a - f  

a B=N-pyridyl x=rso: b B=N-pyr/dyl x=sF,; c B=N-isgquino X=TsO; d B=N-'isoquinolyI 
X=BF,; e B=N-quinolyl X=BF,; f s~ N-quinolyl X=clo,. 

One should have ant ic ipated that  e lec t rophi l ic  a t tack  would occur  in the fl -pos i t ion  of the indole mo le -  
cule [3]. In fact ,  t r e a t m e n t  of IIb with sodium ace ta te  and subsequent  alkaline hydrolys is  of acyloxy d e r i v a -  
t ive  IV gives indoxyl (3-hydroxyindole) (V), which gives  indigo (VI) on oxidation by  a i r  oxygen; this un-  
ambiguous ly  p roves  the fo rmat ion  of I during phenyliodonation of indole. 
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Substitution of the phenyliodonium group  to give the co r respond ing  tosy la tes  and f luoborates  (IIIa-e) 
occurs  in the reac t ion  of II with nucleophilic reagents  - pyr idine,  isoquinoline, and quinoline, fl - (N-qui  n-  

* See [1] for  communica t ion  II.  
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olino)indole tosyla te  was conver ted ,  without isolat ion,  to pe rch lo ra t e  
IIIf .  Thus it  was shown to be  poss ib le  to p r e p a r e  a number  of/~ - 
onium der iva t ives  of indole through its iodonium de r iva t ives .  We 
were  unable to obtain a sulfonium der iva t ive  in the reac t ion  of II with 
dimethyl  sulf ide.  Attempts  to obtain the cor responding  onium be t -  
aines f rom sa l t s  HI were  also unsuccessfu l ,  s ince  res in i f ica t ion  oc-  
curs  on t r e a t m e n t  of them with alkal i  solution.  A s i m i l a r  phenomenon 
is also known in the hydro lys i s  of c~-pyridinium sa l t s  of indole [4], 
which a r e  obtained by reac t ion  of ~ - subs t i tu ted  indoles with N- 
b romosucc in imide  and pyr idine.  

The band of the s t re tch ing  v ibra t ions  of the N - H  bond of the 
onium der iva t ives  in the IR s p e c t r a  (Table 1) a r e  shif ted to the low- 
f requency r e g i o n  as c o m p a r e d  with unsubst i tuted indole [5] (3390 
cm - i ) ;  this is due to the e l e c t r o n - a c c e p t e r  p rope r t i e s  of the onium 
groupings,  s ince  i t  is known that  e l e c t r o n - a c c e p t o r  subs t i tuents ,  
pa r t i cu l a r ly  in the fl -pos i t ion  of the indole r ing,  marked ly  lower  the 
absorp t ion  frequency of the N - H  group [5]. 

B e  onium der iva t ives  of indole we re  also c h a r a c t e r i z e d  by the 
UV s p e c t r a  of the compounds in aqueous and aqueous ethanol so lu -  
tions in media  with var ious  pH values (Figs .  1-4).  As c o m p a r e d  
with the s p e c t r a  of indole and its der iva t ives  [6, 7], the introduction 
of onium groupings into the ~ -pos i t ion  of indole causes  the a p p e a r -  
ance of new absorpt ion  m a x i m a  at  300-500 nm, The c h a r a c t e r i s t i c  
absorp t ion  bands of the pyridinium, quinolinium, and isoquinolinium 
s y s t e m s  [7] a re  changed.  The absorpt ion  m a x i m a  of III at  350-400 
nm (Figs.  2-4) a r e  main ly  assoc ia ted  with e lec t ron  t r a n s f e r  f rom the 
donor indole s y s t e m  to the pyr idinium,  quinolinium, and isoquinolini-  
um s y s t e m s .  The absorpt ion m a x i m a  in the long-wave region (at 
450-550 nm} of the ammonium der iva t ives  of indole in s t rong ly  a l -  
kal ine media  (pH > 12), in which the beta ine  fo rms  of these  compounds 
(VII) a re  fo rmed,  a re  assoc ia ted  with i n t r amolecu l a r  t r a n s f e r  of 
charge  f r o m  the indole anion to the onium s y s t e m .  In the ca se  of 
betaine I, the absorpt ion max imum at  344 nm is evidence for  i n t r a -  
mo lecu la r  cha rge  t r a n s f e r .  

OH- ~ B~" 
HX 

Judging f rom the absorp t ion  max ima ,  the onium s y s t e m s  that  
we inves t igated a re  a r r anged  in the following o r d e r  with r e s p e c t  to 
the i r  accep to r  p rope r t i e s :  quinolinium (492 n m ) >  isoquinolinium 
(48"6) > ,pyridinium (453) > phenyliodonium (344). The s a m e  o rde r  is 
also obse rved  for  the onium betaines  of fi -d icarbonyl  compounds [8- 
10], only in this case  the quinolinium betaines  display a g r e a t e r  " 
ba thochromic  shif t  of the gong-wave max imum than the isoquinolinium 
der iva t ives  (on the average ,  a shif t  of 16 nm).  The VII s y s t e m  is 
evidently coplanar ,  and the indole port ion of the molecule  in terac ts  
m o r e  with the onium por t ion .  

The on iumbe ta ines  of indole display so lva toch romism:  the 
long-wave m a x i m u m  is shif ted ba thochromica l ly  as the po la r i ty  of  
the solvent  d e c r e a s e s  (Table 2). 

The acidi ty  constants  of some  onium der iva t ives  of  indole in 
aqueous ethanol solutions (Table 1 ) w e r e  de te rmined  by a s p e c t r e -  
photomet r ic  method [8]. The values of the constants  o f  IIb and IIIc 
a r e  approx imate ,  s ince  these  compounds a r e  unstable  in alkal ine 
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Fig.  1. UV s p e c t r a  of IIb in 50~c ethanol: 
1) pH 1-10; 2) pH "~ 14. 

Fig.  2. UV s p e c t r a  of IIIa in 50~ ethanol: 
1) pH 0-10; 2) pH > 14; 3) p H ~  14. 

'go I 
4,5 

"\ 

%~,j. % 

%S l \ 

"%~r. 2 

200 2 ~  300 3so ~oo ~o eco 550 A, nm 

tgr 

3,E 

3,C %k "% 

2, -~ , I i r ~ �9 t ,% 
200 250 300 350 400 z.50 500 550 ?., "rim 

Fig.  3. UV s p e c t r a  of IIIf  in 50~c ethanol: 
1) pH 0-10; 2) pH ~ 14; 3) pH 12.2. 

TABLE 2. 

Fig.  4, UV s p e c t r a  of IIIc in 50~ ethanol: 
1) pH 0-11; 2) pH ~ 14. 

Solvatochromis  m of fi -Onium Betaines of Indole" 

~'rna~, [l.m(ig e) 

Compound 1 N KOH in water 1 N KOH in 50% I N KOH in 90% 
ethanol ehhanol 

IIb I 333 (3,50)* 
IIIa 427 (3,93) 

344 (3,63) 
453 (4,07) 

360 (3,65) 
476 (4,08) 

*Contains 2% ethanol.  

med ia .  Since the re  a re  no data in the l i t e r a tu r e  regard ing  the acidi ty  of indole and one cannot de t e rmine  i t  
by a s imp le  spec t ropho tome t r i c  method (pK > 14), we cannot draw any accura t e  conclusions regard ing  the 
ef fec t  of onium groupings on the NH acidi ty of indole. It is known that the acidity of pyrazo les  i nc reases  by 
4.7-5 o rde r s  of magnitude [11] when a phenyliodonium group is introduced into the 4 posi t ion.  Assuming  a 
s i m i l a r  effect  for  indole, one can roughly e s t ima te  the acidi ty  of indole in 50~c ethanol as PKa ~ 17. 

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

The IR s p e c t r a  of Nujol suspens ions  of the compounds were  r eco rded  with an IKS-14A s p e c t r o m e t e r .  
The UV s p e c t r a  we re  r eco rded  with SFD-2 and Specord UV-vis  s p e c t r o p h o t o m e t e r s .  The pH values of 
buffered  solutions were  m e a s u r e d  with an LPM-60M pH m e t e r  by means  of a glass  e lec t rode  pa i red  with 
a s i l v e r  chlor ide  flow e lec t rode .  The opt ical  densi t ies  of IIb and IIIc in alkaline media  were  ex t rapola ted  
to "zero" t ime .  

fl -Phenyl iodonioindole  Betaine (I). A solution of 4.7 g (0.04 mole) of i ndole and 11.2 g (0.2 mole) o~ 
po ta s s ium hydroxide in 40 ml of methanol  was cooled to 0-5 ~ and 12.9 g (0.04 mole) of f inely ground phenyl 
iodosoaceta te  [13] was added in s m a l l  port ions with v igorous  s t i r r i ng  in the c o u r s e  of 1.5 h. Af ter  all  of 
the phenyl iodosoace ta te  had been added, s t i r r i n g  at  0-5  ~ was continued for  another  1.5 h. Betaine I (a ye l -  
low c rys t a l l i ne  substance)  was then r em oved  by f i l t ra t ion,  washed s u c c e s s i v e l y  on the f i l t e r  with a sma l l  
amount  of co ld  methanol  and ch lo ro fo rm,  and a i r  dr ied  (do not gr ind - it may  decompose  explos ive ly ' ) .  It 
is r e c o m m e n d e d  that  the product  be used immedia t e ly  for  the subsequent  reac t ions ,  s ince  it decomposes  
rapidly  on s t o r a g e .  In work  with s i zeab le  amounts of beta ine  I, it should not be  dr ied comple te ly  but used  
immedia te ly  a f t e r  washing with c h l o r o f o r m .  The yield was 9.0 g (70~c). 
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-Phenyl iodonioindole  Tosyla te  (Ha). A suspens ion  of 9.6 g (0:03 mole) of I in 30 ml  of ethanol was 
cooled in ice wa te r ,  and 5.7 g (0.03 mole)"of p- toluenesulfonic  acid monohydra te  was added in port ions with 
s t i r r i n g .  Co lo r l e s s  I Ia  gradual ly  prec ip i ta ted  f rom the yel low solut ion.  The reac t ion  mix tu re  was diluted 
with 30 ml  of absolute  e ther ,  and the p rec ip i t a te  was r e m o v e d  by f i l t ra t ion and washed on the f i l te r  with 
e ther  to give 12.5 g of a product  with mp 94-95 ~ (dec.). 

/~ -Phenyl iodonioindole  Fluobora te  (IIb). A 3.2 g (0.01 mole) s amp le  of beta ine  I was added in port ions 
with s t i r r i n g  to 10 ml  of an ice w a t e r - c o o l e d  1 N solut ion of f luoboric acid in ethanol.  The resu l t ing  da rk  
solut ion was diluted with 50 ml  of absolute  e the r  and allowed to s tand at  0-5 ~ for  1 h for  c rys ta l l i za t ion .  
The co lo r l e s s  c r y s t a l s  of IIb were  washed with e ther  to give 3.3 g of a product  with mp 91 ~ (dec .). 

- ( N - P y r i d i n i o ) - a n d  f i -(N-Isoquinolinio)indole Tosyla tes  (IIIa,c) and fi-(N-Quinolinio)indole P e r -  
ch lo ra te  (I~f). A mix tu re  of 2.45 g (0.005 mole) of I Ia  and 4 ml  of pyridine,  isoquinoline,  or  quinoline was 
hea ted  on a wa t e r  bath for  15 min,  a f te r  which the cooled solutions were  diluted with 30 ml  of absolute  
e ther  and allowed to s tand at 0-5 ~ for  12 h.  The prec ip i ta ted  Il ia and lIIc were  r emoved  by f i l t ra t ion and 
washed on the f i l t e r  with e the r .  The e ther  l aye r  was poured off f rom the oily ~-(N-quinolinio)indole t o sy l -  
ate,  and 15 ml  of wa t e r  and 2 ml  of pe rch lo r i c  acid were  added to the r e s idue .  The reac t ion  mix ture  was 
allowed to s tand for  another  day, a f t e r  which it  was heated  to the boiling point, t r ea t ed  wi th  ac t ivated c h a r -  
coal ,  and ref luxed for  5 min." The hot solut ion was f i l tered,  and the f i l t ra te  was cooled.  The br igh t -ye l low 
prec ip i t a t e  of IIIf  was r em oved  by f i l t ra t ion.  

- (N-Pyr id in io ) - ,  ~ - (N-Isoquinol in io)- ,  and f l-(N-Quinolinio)indole Fluoborates  (IIIb,d,e). A mix ture  
o f  2.0 g (0.005 mole) of I Ib and 3-4 ml  of pyridine,  isoquinoline, or  quinoline was heated  on a bo i l ing-wate r  
bath for  10 rain.  The solutions of IIIb and liIe were  cooled and diluted with 15 ml  of absolute e ther .  C o m -  
pound IIIb was allowed to s tand at  0-5 ~ for  12 h, a f ter  which the l ight-yel low c rys ta l l ine  prec ip i ta te ,  with 
mp 144-153 ~ was r e m o v e d  by f i l t ra t ion.  Compound IIIe was isola ted as a dark  oil;  the e ther  was decanted, 
the r e s idue  was t r e a t ed  with 5 ml  of absolute ethanol,  and the g reen i sh -ye l low prec ip i t a te  of IIIe was r e -  
moved  by f i l t ra t ion a f te r  2 h. A g reen i sh -ye l low prec ip i ta te  with mp 180-185 ~ was isola ted f rom the so lu -  
tion .of Hid a f t e r  cooling.  

Convers ion  of IIb to Indigo. A mix tu re  of 0.82 g (0.002 mole) of lib and 0.16 g (0.002 mole) of sodium 
ace ta te  was ref luxed in 5 ml  of ethanol for  30 rain, a f t e r  which 0.11 g (0.002 mole) of po t a s s ium hydroxide 
was added, and the mix tu re  was ref luxed for 5 min.  It  was then cooled, and 20 ml  of wa te r  was added to the 
solut ion.  A i r  was bubbled through the solut ion to acce l e ra t e  oxidation. The resul t ing  blue p rec ip i ta te  was 
r emoved  by f i l t ra t ion to give 0 2  g (76%) of a product  with mp 389 ~ (from nitrobenzene) (mp 390-392 ~ [14]). 
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