IODONIUM DERIVATIVES OF HETEROCYCLIC COMPOUNDS
Im.* PREPARATION AND PROPERTIES OF IODONIUM DERIVATIVES OF INDOLE
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Reaction of indole with phenyl iodosoacetate in alkaline media leads to the unstable g -phenyl-
iodonioindole betaine, the more stable fosylate and fluoborate of which were used for the in-
troduction of a pyridine, quinoline, and isoquinoline molecule into the g -position of indole to
give the corresponding tosylates and fluoborates of g -(N-pyridinio)-, B ~(N-quinolinio)-, and
B -(N-isoquinoliniojindole. Intramolecular charge transfer from the donor indole system to
the acceptor onium systems is detected from the UV spectral data. The acidity constants of
a number of g -onium derivatives of indole were determined by spectrophotometry.

In previous papers one of us [2] mentioned the possibility of obtaining g -phenyliodonioindole betaine
(). In the present research we have made a more detailed study of the phenyliodonation of indole and have
studied some properties of phenyliodonium derivatives of indole.

Reaction of indole with phenyl iodosoacetate gave, in good yield, the unstable g ~phenyliodonioindole
betaine (I), which is inclined to undergo electrification and spontaneous decomposition (even explosively on
grinding). Treatment of betaine I with equimolar amounts of p~toluenesulfonic acid and fluoboric acid gives
the relatively more stable g -phenyliodonioindole tosylate and fluoborate (IIa,b), which can be stored for
several days in the cold in the dark,
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One should have anticipated that electrophilic attack would occur in the g -position of the indole mole~-
cule [3]. In fact, treatment of IIb with sodium acetate and subsequent alkaline hydrolysis of acyloxy deriva-
tive IV gives indoxyl (3~hydroxyindole) (V), which gives indigo (VI) on oxidation by air oxygen; this un-
ambiguously proves the formation of I during phenyliodonation of indole.
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Substitution of the phenyliodonium group to give the corresponding tosylates and fluoborates (Illa-e)
occurs in the reaction of II with nucleophilic reagents — pyridine, isoquinoline, and quinoline. B ~(N-quin-

*See [1] for communication II.

Riga Polytechnical Institute. Translated from Khimiya Geterotsiklicheskikh Soedinenii, No. 2, pp.
214-219, February, 1974. Original article submitted January 9, 1973.

© 1975 Plenum Publishing Corporation, 227 West 17th Street, New York, N.Y. 10011. No part of this publication may be reproduced,
stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechariical, photocopying, microfilming,
recording or otherwise, without written permission of the publisher. A copy of this article is available from the publisher for $135.00.

189



olino)indole tosylate was converted, without isolation, to perchlorate
IIIf. Thus it was shown fo be possible to prepare a number of g -
onium derivatives of indole through its iodonium derivatives, We

T | eszy egess : , o . :

2 were unable to obtain a sulfonium derivative in the reaction of II with
e dimethyl sulfide. Attempts to obtain the corresponding onium bet-

aines from salts III were also unsuccessful, since resinification oc-

. 8 aa3S curs on treatment of them with alkali solution. A similar phenomenon
2 e Sk is also known in the hydrolysis of a-pyridinium salts of indole [4],

5 2 5 188 which are obtained by reaction of g -substituted indoles with N-

B = - bromosuccinimide and pyridine.

The band of the stretching vibrations of the N—H bond of the
onium derivatives in the IR spectra (Table 1) are shifted to the low-

g ;E frequency region as compared with unsubstituted indole [5] (3390
- & 2*0' . cm™Y); this is due to the electron-acceptor properties of the onium
g E fé’) 5 groupings, since it is known that electron-acceptor substituents,
= g & ® particularly in the g -position of the indole ring, markedly lower the
8 P § : absorption frequency of the N—H group [5].
1
o% é g”,g 3 & The onium derivatives of indole were also characterized by the
e § 3§§§ s H UV spectra of the compounds in aqueous and aqueous ethanol solu-
S Bgalg, s tions in media with various pH values (Figs. 1-4). As compared
8 384252 2 with the spectra of indole and its derivatives [6, 7], the introduction
@ 85”%‘;‘“’ % of onium groupings into the g -position of indole causes the appear-
& Eg&’égggé o - ance of new absorption maxima at 300~500 nm. The characteristic
555{5855 5 g absorption bands of the pyridinium, guinolinium, and isoquinolinium
§§§§§§§§s g2 systenfls [7] are changefd. The al?sorptu?n maxima of Il at 350-400
Bon Boes nm (Figs. 2-4) are mainly associated with electron transfer from the

o E‘; donor indole system to the pyridinium, quinolinium, and isoquinolini-
| e 2 290 < um systems. The absorption maxima in the long-wave region (at
£ 222 o oo- 2 450-550 nm) of the ammonium derivatives of indole in strongly al-
B O I “_i g kaline media (pH > 12), in which the betaine forms of these compounds
"g ,3, o B 5 0N g (VII) are formed, are associated with intramolecular transfer of
o 19— o @ omans 5 charge from the indole anion to the onium system. In the case of
: Zl <o N oddwa E betaine I, the absorption maximum at 344 nm is evidence for intra-
2 ©on oo g molecular charge transfer.
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o . o 9 Judging from the absorption maxima, the onium systems that
o = o) =t we investigated are arranged in the following order with respect to
f g- = - % their acceptor properties: quinolinium (492 nm) > isoquinolinium
° 1% B2 22223 g (486) > pyridinium (453) > phenyliodonium (344). The same order is
S| =5 Eééﬂcuﬁ: A %z; &;%E; & also observed for the onium betaines of g -dicarbonyl compounds [8-
E & IIEET-:% TLITT = 10], only in this case the quinolinium betaines display a greater "
§ B | 0000 0U0U0 '% bathochromic shift of the Jong-wave maximum than the isoquinolinium
2 s derivatives (on the average, a shift of 16 nm). The VII system is
§ ¢ Sée z %‘ég&é °§' evidently coplanar, and the indole portion of the molecule interacts
00 g SN~ A . . . )
o. %- g‘ %" 2 .é Ei é é % 81 § more. with the onium portion. .
- g = = meas=a g:’. The onium betaines of indole display solvatochromism: the
5 = N long-wave maximum is shifted bathochromically as the polarity of
m |EE | o83 SeRSm 9 the solvent decreases (Table 2),
;:‘ 88 | m=z om=sE 2

The acidity constants of some onium derivatives of indole in
aqueous ethanol solutions (Table 1) were determined by a spectro-
photometric method [8]. The values of the constants of ITb and Ilc
are approximate, since these compounds are unstable in alkaline
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Fig.1l. UV spectra of IIb in 50% ethanol: Fig. 2. UV spectra of IIIa in 50% ethanol:
1) pH 1-10; 2) pH ~ 14. 1) pH 0-10; 2) pH > 14; 3) pH~ 14.
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Fig.3. UV spectra of IIIf in 50% ethanol: Fig. 4. UV spectra of Illc in 50% ethanol:
1) pH 0-10; 2) pH ~ 14; 3) pH 12.2. ) 1) pH 0-11; 2) pH ~ 14,

TABLE 2. Solvatochromism of g -Onium Betaines of Indole

Aoz g €)
Compound | ‘ . ; :
P | 1NKOH inwater | LNKOHn50% 1N KOH in90%
' : ethanol i ethanol )
I
11b 333 (3,50) * 344 (3,63) 360 (3,66)
IIla l 427 (3,93) 453 (4,07) 476 (4,08)

*Contains 2% ethanol,

media. Since there are no data in the literature regarding the acidity of indole and one cannot determine it
by a simple spectrophotometric method (pK > 14), we cannot draw any accurate conclusions regarding the
effect of onium groupings on the NH acidity of indole, It is known that the acidity of pyrazoles increases by
4.7-5 orders of magnitude [11] when a phenyliodonium group is introduced into the 4 position. Assuming a
similar effect for indole, one can roughly estimate the acidity of indole in 50% ethanol as pKg ~ 17.

EXPERIMENTAL

The IR spectra of Nujol suspensions of the compounds were recorded with an IKS~14A spectrometer, -
The UV spectra were recorded with SFD-2 and Specord UV-vis spectrophotometers. The pH values of
buffered solutions were measured with an LPM-60M pH meter by means of a glass electrode paired with

a silver chloride flow electrode, The optical densities of IIb and IlIc in alkaline media were extrapolated
to "zero" time,

B -Phenyliodonioindole Betaine (I). A solution of 4.7 g (0.04 mole) of indole and 11.2 g (0.2 mole) of
potassium hydroxide in 40 ml of methanol was cooled to 0-5°, and 12.9 g (0.04 mole) of finely ground phenyl
iodosoacetate [13] was added in small portions with vigorous stirring in the course of 1.5 h, After all of
the phenyl iodosoacetate had been added, stirring at 0-5° was continued for another 1.5 h. Betaine I (a yel-
low crystalline substance) was then removed by filtration, washed successively on the filter with a small
amount of cold methanol and chloroform, and air dried (do not grind — it may decompose explosively'). It
is recommended that the product be used immediately for the subsequent reactions, since it decomposes

rapidly on storage. In work with sizeable amounts of betaine I, it should not be dried completely but used
immediately after washing with chloroform. The yield was 9.0 g (70%).
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B -Phenyliodonioindole Tosylate (Ia), A suspension of 9.6 g (0.03 mole) of I in 30 ml of ethanol was
cooled in ice water, and 5.7 g (0.03 mole) of p-toluenesulfonic acid monohydrate was added in portions with
stirring. Colorless Ila gradually precipitated from the yellow solution. The reaction mixture was diluted
with 30 ml of absolute ether, and the precipitate was removed by filtration and washed on the filter with
ether to give 12.5 g of a product with mp 94-95° (dec.).

B -Phenyliodonioindole Fluoborate (IIb). A 3.2 g (0.01 mole) sample of betaine I was added in portions
with stirring to 10 ml of an ice water-cooled 1 N solution of fluoboric acid in ethanol, The resulting dark
solution was diluted with 50 ml of absolute ether and allowed to stand at 0-5° for 1 h for crystallization,
The colorless crystals of IIb were washed with ether to give 3.3 g of a product with mp 91° (dec.).

8 -(N-Pyridinio)- and g -(N-Isoquinolinio)indole Tosylates (Iila,c) and g-(N-Quinolinio)indole Per-
chlorate (If). A mixture of 2.45 g (0.005 mole) of Ila and 4 ml of pyridine, isoquinoline, or quinoline was
heated on a water bath for 15 min, after which the cooled solutions were diluted with 30 mi of absolute
ether and allowed to stand at 0-5° for 12 h. The precipitated IIIa and Illc were removed by filtration and
washed on the filter with ether. The ether layer was poured off from the oily g-(N-quinolinio)indole tosyl-
ate, and 15 ml of water and 2 ml of perchloric acid were added to the residue. The reaction mixture was
allowed to stand for another day, after which it was heated to the boiling point, treated with activated char-
coal, and refluxed for 5 min. The hot solution was filtered, and the filtrate was cooled. The bright-yellow
precipitate of IIIf was removed by filtration.

B -(N-Pyridinio)~-, g -(N-Isoquinolinio)-, and g —-(N-Quinolinio)indole Fluoborates (Iltb,d,e). A mixture
of 2.0 g (0.005 mole) of IIb and 3-4 ml of pyridine, isoquinoline, or quinoline was heated on a boiling-water
bath for 10 min. The solutions of IIIb and Hle were cooled and diluted with 15 ml of absolute ether. Com-
pound IIlh was allowed to stand at 0-5° for 12 h, after which the light-yellow crystalline precipitate, with
mp 144-153° was removed by filtration. Compound Ille was isolated as a dark oil; the ether was decanted,
the residue was treated with 5 ml of absolute ethanol, and the greenish-yellow precipitate of Ille was re-
moved by filtration after 2 h, A greenish-yellow precipitate with mp 180-185° was isolated from the solu-
tion of IIId after cooling.

Conversion of IIb to Indigo. A mixture of 0.82 g (0.002 mole) of IIb and 0.16 g (0.002 mole) of sodium
acetate was refluxed in 5 ml of ethanol for 30 min, after which 0.11 g (0.002 mole) of potassium hydroxide
was added, and the mixture was refluxed for 5 min. It was then cooled, and 20 ml of water was added to the
solution. Air was bubbled through the solution to accelerate oxidation. The resulting blue precipitate was
removed by filtration to give 0.2 g (76%) of a product with mp 389° (from nitrobenzene) (mp 390-392° [14]).
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