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The formation of electron donor-acceptor complexes of some representative 
ind.oles with a number of electron acceptors has been investigated with particular 
emphasis on qualitative and quantitative aspects of analysis involving thin-layer 
chromatography (TLC). This non-destructive method shows a detection limit for 
indoles, after chromatography, from 0.5 to I yg, depending on the structure of the 
indole and the electron acceptor employed. An igt sitzc method was developed for 
quantitation of indoles on the sprayed chromatograms and a linear relationship 
between concentration of the indole and detector response of a TLC scanner for 
reflectance at the charge transfer band maxima was observed in the range of 0.5-10 pg. 

With the same electron acceptor, charge transfer band maxima from complexes on 
a layer of silica gel shift to longer wavelength when substituents on the indoles are 
changed from electron withdrawing (e.g. - CN) to electron donating (e.g. -OH). 

Separate mass spectra for indoles and complexing reagents can be obtained 
directly from the complex, as previously observed, at different temperstures. Some of 
the newer electron acceptors having low vapor pressures allow application of this 
method at much higher temperatures, i.e. less volatile indoles can be iclentified in this 
manner. 

INTltODUCTION 

The indole nucleus, like reJated “z excessive” heteroaromatic systems, h,as been 
shown to act as a good electron donor in charge transfer complexes. A considerable 
amount of clata involving charge transfer properties of indoles is available because 
several biologically important compounds possess the indole ring system and charge 
transfer phenomena have been implied in explaining their mode of action. Because 
of their pronounced donor abilities, indoles have also been used for the theoretical 
study of electron donor-acceptor complexes. Most of the relevant literature has been 

* Issued as NRCC No. 12387. 
. . ” 

j. ChYO#~tatO@‘., 68 (1972) 173-182 



174 0. I-IUTZINGEI<, R. A. I-IEACOCK, J. D. MACNEIL, R. W. FREI 

cited in previous papers in this series 1 92. General references on charge transfer com- 
plexing are cited in ref. 3. 

Intense colours are usually associated with the charge transfer complexing, 
particularly in the solid state, and this property has been used as a detection method 
for indoles on paper and thin-layer clnomatogramsi~ “Jj. 

In this paper, new complexing agents for the detection of indoles are introduced 
which are superior for subsequent identification by mass spectrometry (~1. ref. 2). 
Tllese new and some previously used electron acceptors have also been used to clevelop 
a quantitative in situ reflectance method and to investigate the correlation between 
structure and dmnx. of the charge transfer band of species adsorbed on silica gel and 
cellulose. 

EXPIZRIMENTAL 

CIW?ZiCdS 

IIydroxyskatolesas 7 and hydroxyindole-3-carboxylic acids& were prepared by 
methods described in the literature. All other indoles were obtained from commercial 
sources as listed in ref. K. 

Electron ncccJ%?ors 

The following electron acceptors were used for this study : (I) tetracyanoetllylene 
(TCNE)‘, (2) 2,4,5,7-tetranitro-9-fluorenone (TetNF)*, (3) g-dicyanomethylene-z,4,7- 
trinitrofluorene (CNTNF)**, (4) g-dicyanomethylene-2,4,5,7-tetranitrofluorene 
(CNTetNF)***, (5) 4,5,7-trinitro-g-fluorenone-z-carboxylic acid (TNF-COOI-I)* * *, 
(6) fluoranil*, (7) tetrabromo-o-benzoquinone (TBQ)‘, (8) 1,3,5_trinitrobenzene 
(TNB)‘*, (9) 2,4,7-trinitro-g-fluorenone (TNI;) *, (IO) tetracyanoquinodimethane 
(TCNQ)**, (II) 1,3,g-trichloro-2,4,G-trinitrobcnzene (bulbosan) ?, (12) mellitic 
trianllydride* . 

4,5,7-Trinitro-g-Auorenone-2-carboxylic acid was prepared by tile method of 
SrjLZBERGAND COTTER'. 

g-Dicyanomethylene-2,4,3,7-tetranitrofluorene was prepared in the following 
manner (cj’. refs. IO and II): A mixture of 2,4,5,7-tetranitro-9_Auorenone (3.6 g), 
malonitrile (2 g), piperidine (3 drops) and methanol (400 ml) was lleated under reflux 
for 20 min. 3.7 g of CNTetNF, pure enough for use as spray reagent, were collected 
from the cooled mixture. A sample recrystallized from acetonitrile-clioxane did not 
melt below 400~ (ref. II). M-k 408.0077 & O.OOIZ. Calcd. for C,,I-I,N,O,: 40S.0091. 
Analysis of CJ-I,,N,O, - Calcd. : C, 47.oG ; I-I, o.gS ; N, 20.59 “/, Found : C, 47.36 ; 

H, 0.93; N, 20.66 %. 

Colow devclo+wtent and cIwonaatogm~Iay 

Indoles dissolved in methanol, acetone or water were spotted (IO ,~g, unless 
otherwise indicated: spot diameter 5 mm) on Eastman Chromagram Silica (6o(jr) and 

’ klclrich Chcmicnl Co. 
l l Eastman Organic Chemical Co, 

’ * l Synthcsizccl in this laboratory. 
t Hocchst Chemical Co. 
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Cellulose (6064) thin-layer sheets and sprayed with a I y& solution of the complexing 
reagent i.n acetone or methylene chloride. 

For detection limits and quantitative measurements 3-indoleacetic acid and 
5-hyclrosyincloleacetic acid (0.25, 0.5, I, 2, 5, and IO ,LL~) were spotted on Merck 
precoated silica gel thin-layer plates (0.25 mm) and the plates developed with iso- 
propanol-ammonia-water (S5: 15: IO) until the solvent had travelled 10 cm, 

Mass spectra were obtained wit11 the Dul?ont/CEC 21-11oB instrument using 
the standard probe for direct introduction of the sample into the ion source, The spectra 
were obtained either from the solid co+lex or from the complex formed by spraying 
the indole on cellulose thin-layer plates with complexing reagent. In the latter case, 
cellulose carrying the coloured complex was directly transferred into the mass spectro- 
meter sample tube. 

Reflectance spectra were recorded on a Farrand uv-vis chromatogram analyzer12 
by plotting reflectance with reference to background 7~wacs wavelength at IO nm 
intervals between 420 and 650 nm using the single beam mode of operat.ion:The light 
source was a xenon lamp and a 1P2S pl~otomultiplicr tube was the detector. 

The monochromator was removed from the analyzer leg for these measurements, 
as the monochromator on the exciter leg provided monochromatic light. An auxiliary 
Alter (No. 3-73, sharp-cut at 400 Inn) was used in the analyzer leg, with suitable slit 
aperture reducers appropriate to the photo tube response at the various wavelengths 
(an 0.031-mm reclucer was used in the range of optimum response, approximately 
450-600 nm, while 0.062 and 0.125 reducers were used outside this range). The 3/16- 
11/32 slit set was used for all measurements. 

Evaluation of chromatographed indoles after complexing to determine the 
potential for quantitative analysis was performed in the clouble beam mode at the 
wavelengths of maximum absorption, using tile instrumental parameters described 
above. 

I-‘rt?J5aYnt~iolt of cozq!!zcxes 
Complexes of indoles with electron acceptors were prepared by mixing equimolar, 

boiling solutions of both components in methylene chloride or acetone, as previously 
described”. 

IWSULTS AND DISCUSSION 

The colours obtained from the various incloles after spraying with electron accep- 
tors are shown in Table I (natural indoles and related compounds) and in Tables II 
and III (ring-substituted indoles). The colours showed little change for several clays 
after spraying. 

CoZ01rr d~~emttiatz’o~2, s~~asilivity ad s~mijS?y 
The variations in shades of colour for structurally similar indoles with invididual 

spray reagents (electron acceptors) have been described previouslyl and similar 
behaviour was observed with the acceptors tcstecl in the present study. 

,r. Ch’OWZtO~Y., 68 (1972) 173-182 



T
A

B
L

E
 

I 

C
O

L
O

U
R

 
R

E
_.

lC
T

IO
X

S
 

O
F

 
N

A
T

U
R

A
L

 
E
X
D
O
L
E
S
 
A
N
D
 

R
E

L
A

T
E

D
 

C
O

M
P

O
U

N
D

S
 

W
iT

H
 
E
L
E
C
T
R
O
N
 

A
C
C
E
P
T
O
R
S
 
O
N
 
C
E
L
L
U
L
O
S
E
 
I
X
i
N
 
L
A
Y
E
R
S
 

C
o
I
o
c
l
p
 c
o
d
e
 u

se
d;

 B
m

 =
 b

ro
w

n;
 

G
y 

=
 g

re
y;

 0
 =

 o
ra

n
ge

; Y
e 

=
 y

el
lo

w
; P

 =
 

pu
rp

le
; P

k 
=

 
pi

nk
; 

B
u 

=
 

bl
ue

; 
R

 =
 

re
d;

 B
r 

=
 b

ri
ck

; 
N

V
 =

 m
aw

; 
C

m
 =

 c
te

am
; 

W
 =

 
w

hi
te

; 
G

m
 

=
 

gr
ee

n;
 

Q
1=

 
ol

iv
e;

 
V

 =
 

vi
ol

et
; 

B
1=

 
bl

ac
k;

 
R

o 
=

 
ro

se
; 

I=
 

lig
ht

; 
d 

=
 

da
rk

; 
t 

=
 t

r
a
c
e
;
 -
 
=
 
n
o
 c
o
l
o
u
r
.
 

34
nd

ol
ea

ce
ti

c 
ac

id
 

3-
ln

do
le

ac
et

on
itr

ile
 

3-
In

do
le

py
m

vi
c 

ac
id

 
3-

ln
do

le
la

ct
ic

 
ac

id
 

3-
hi

ol
ea

ce
to

ue
 

3-
ha

do
hx

ar
bi

uo
l 

3-
In

do
kx

ar
bo

~y
lic

 
ac

id
 

34
nd

ol
ec

ar
bo

xa
fd

eh
yd

e 
3$

-i
nd

oI
ea

cr
yl

ic
 

ac
id

 
E

th
yl

 
1 -

iu
do

le
ca

rb
ox

yl
at

e 
5-

H
yd

ro
xy

in
do

le
-3

-a
ce

tic
 

ac
id

 
G

ta
m

iu
e 

X
el

at
ou

in
 

T
ry

pt
hn

e 
T

h
j@

O
~

h
O

l 

L
-T

E
y
p
to

p
h
an

 

5-
E

E
yd

ro
xy

ts
yp

ta
m

in
e 

j-H
 
y
&
O
X
~
t
O
p
h
O
l
 

D
L-

j-&
&

O
~~

tO
@

X
3I

l 
N

-A
ce

ty
 y

ls
er

ot
on

in
 

B
m

 
B

m
 

G
y-

B
m

 
. 

G
Y

 
B

m
 

B
m

 
0 Y

e 
B

i-
ll 

Y
e-

B
m

 
P

 
B

m
 

P B
m

 
B

m
 

B
m

 
G

y-
B

m
 

G
y-

B
m

 
G

y-
B

m
 

B
m

 

B
u-

G
y 

B
m

 
B

u 
1V

 

G
Y

 
IB

m
 

R
 

?I
1 

0 P
-G

y
 

P-
G

y 
P B

u-
G

y 
P-

G
y 

~G
Y

 
dP

-G
y 

B
u-

G
y 

1G
Y

 
B

u-
G

y 

dB
m

 
dB

m
 

dB
m

 
G

y-
B

m
 

B
m

 
B

m
 

10
 

IO
 

G
y-

B
m

 
0 1P

-G
y 

dB
m

 
P-

G
y 

dF
-G

y 
dB

m
 

IB
m

 
G

y-
B

m
 

dG
Y

 
G

Y
 

G
Y

 

V
 

V
-G

y 
P-

G
y 

V
 

G
Y

 
G

Y
 

V
 

IR
 

V
 

B
m

 
V

 
dG

m
 

dB
u 

G
Y

 
V

 
G

y-
G

m
 

IV
 

G
Y

 
G

y-
G

rn
 

G
Y

 

B
ru

 
B

m
 

G
y-

B
m

 
1B

U
 

G
y-

B
u 

G
y-

B
m

 
B

&
 

Y
e 

G
Y

 
0 P

 
G

y-
P 

dB
u 

G
y-

B
u 

dG
y-

B
u 

G
y-

B
u 

G
Y

 
dB

u 
G

y-
B

n 
dB

u 

M
V

 

1B
r 

C
m

 
w

 
C

m
 

1R
 

P P C
m

 
B

m
 

B
m

 
C

m
 

w
 

1B
u 

1R
 

B
U

 

B
m

 
10

 
G

y-
B

m
 

10
 

T
 Y
e 

1B
m

 
- IY

e-
B

m
 

1Y
e 

- 1Y
e 

i 
1Y

e 
lG

m
 

T
 

T
 1Y

e 
Y

e 
- 1Y

e 
1Y

e 
T

 1B
m

 

G
y-

B
m

 
B

m
 

B
u-

G
y 

IB
m

 
P P B

m
 

B
m

 
B

m
 

0 B
m

 

1Y
e 

G
y-

B
m

 
IB

m
 

B
m

 
lB

m
 

B
m

 
B

m
 

1B
m

 
B

m
 



INDOLES AND AWXINS. XIII. 177 

COLOUR ItEACTtONS OP INDOLRS SUl3STITUTED IN POSITION 5 

Par colour coclc, see Table I. 

I~2dOEC 

.__ ..- 

5-l~luoroinclolc 
g-Chloroinclolc 
5-Bromointlolc 
5-Nitroinclolc 
jj-Cyanoindole 
g-I-Iyclroxyindolc 
5-hminoinclolc 

Colour develojmaent with cZectvon acceptor 

TNF- 
COOIJ 

CNTNI: T.dNF CN %‘ctNF Pluovanil %‘l3Q 

O-Urn 
0-Brn 
I:<.-Urn 
CIYC 

10 
Gy-Br 
clGy 

TC-Drn 
R-.&n 
R-13rn 
13rn 
Br-Rrn 
P-Gy 
ClBU 

Urn 
J3rn 
.I3rn 
Yc-Grn 
m 
Brn 
I?-Gy 

P-Gy Urn 
l?-Gy Urn 
P-Gy I3rn 
01 S3rn 
1 Urn 1 Brn 
I? dBu 
C1BU dBu 

ClBLl 
cl 13 11 
ClBU 
Yc-Brn 
I? 
1Brn 
clBr 

BulDosaat iUeUitti 
tvi- 
a~nlycivids 

Ye-&n Gy 
Yc-Brn 1C-.BIVl 

Yc-Rrn 12-131'11 
Yc-Grn Yc-Grn 
IUC? lk’c-1.9-n 
1Ye dl3u 
Br-R 1Brn 

Detection limits after chromatography were generally found to he 0.5-1.0 ,ug, 

although individual complexes could vary slightly on either side’ of these values. 
Although the polynitroAuorenes have been found to be better acceptors for the 
charge transfer chromatography of polyaromatics13-15, crystal structure studies have 
shown that TNB has a very favourable overlap with indolela. This could explain why 
detection limits with TNB and the various quinoid acceptors tested are as good as 
those obtained with the various polynitrofluorenes which are generally regarded as 
better electron acceptors. 

Rcflecta~ace sfxctm 

The reflectance spectra of the complexed indoles provide useful information 
both from qualitative and quantitative analytical standpoints, and also with regard 
to a basic understanding of parameters influencing complexation. 

The influence of various substituents on complex formation is illustrated by the 
reflectance spectra of a series of s-substituted indoles complexed with TNF, shown in 
Fig, I. These substituents are -CN, -Cl, -H, -OH, and -NH2. The strongly electron- 
withdrawing -CN group produces a complex with the narrowest band, lowest intensity 
and with maximum absorption at lowest wavelength, As the substituents are changed 
toward the strongly electron-donating hydroxyl and amino groups, the maxima 
move to higher wavelengths and the bands become broader and more intense. The 
influence of various substituents is thus shown to be quite pronounced. 

The TNF complexes were chosen for this comparison because of the good colour 
differentiation they display. Whilst good colour differentiation could also be obtai.ned 
using TCNE as the complexing reagent, preliminary mass spectral studies carried out 
in this laboratory have shown this to be due to the formation of tricyanovinyl adducts 
and not n-complexes (cj. ref. 17). 

Quantitative aoalysis 
Various acceptors were evaluated for ifz sitzc quantitative analysis of tl1.e com- 

plexed indoles on the thin-layer chromatograms by reflectance spectroscopy. While 
i7c sitIt fluorescence measurements have a much greater sensitivitylAIIO the quantitative 

J. CkYoHlatogY., 68 (1972) ITS-182 
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Fig. I. Rcflcctancc spectra, for n-complcs of TNF with: (A) 5-cyanoindolc, (13) g-chloroinclolc, 
(C) indolc, (13) phyclroxyinclolc, and (E) 5-aminoindole on silica gel. 

evaluation of complexed indoles by reflectance has advantages in certain circumstances, 
as, for example, when a mass spectrum of the complex is to be obtained. 

For the quantitative evaluation, complexes of 3-indoleacetic acid and 5-hydroxy- 
3-indoleacetic acid were chosen. The complexing agents TNB and TNF were chosen 
Eor their good background and detection limits, while CNTctNF was chosen for its 
suitability for mas spectral analysis. With TNF as acceptor and two representative 
indoles (3-indoleacetic acid and 5-hydroxy-3-indoleacetic acid) a linear relationship 
was observed between amount of indole and detector response in the range 0.5-10 pg. 

The use of the double beam mode in these determinations minimizes the problem 
DE poor background uniformity, so that any of these complexing agents should be 
suitable for quantitative evaluations in cases <where it might be desirable for reasons 
ZII differentiation. 

Mass sJ!wctroltactYy 
It was previously shown in these laboratories that mass spectrometry can 

positively identify microgram amounts of indole@” and that this information can be 
obtained from tlrc colored complex2 after detection with “electron acceptor” spraysl. 

For this identification, the indolc complex can be directly transferred into 
;he mass spectrometer sample tube after visualization on the thin-layer plate. The 
:omplex, wllen heated in the source of the mass spectrometer dissociates thermally 

J. Ch’OWZdO~Y., 68 (19i2) 173-XS2. 



IS0 

100 

00 

60 

40 

z 

z 5 20 

iii 
- 0 

0. I-IUTZLNGER, R. A. I-IEACOCK, J. D. MRCNEZL, R. W. PREL 

30 

3- INDOLE&C_ETIC aclo 

175 

I , 

0 8’ I. II,. ,I. ,,I- . . . . II, 111. A-II g 
20 60 100 140 IBO 210 260 300 340 

m/e 

163 

-GO 
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INDOLES AND RUXINS. XIII. 

3-INDOLEW;~VIC ACID 

Fig. It. 70-Volt IIIWS spectra of a 3-inclolepyruvic acid-CNTNF complex at sample temperatures 
nclicatccl. 

Xnd useful spectra of the indole, which is generally more volatile than the electron 
Icceptor, can be obtained. In previous work2 polynitro-g-fluorenone derivatives were 
Ised and although “clean” indole spectra were obtained with most indole complexes, 
electron acceptors with lower vapor pressure would be advantageous as compl.exing 
Lgent? for certain indoles having lower volatility (o,g. 3-indolepyruvic aciti). 

Of all the complexing agents tested, the two g-dicyanometl~ylenepolynitrofluor- 
:nes 3 and 4 were shown to be the most useful for direct mass spectrometric analysis of 
.ndoles. For example, no interfering ions appear in the spectrum of compleses of 
:hese reagents with g-in.doleacetic acid (Fig. z and 3) and even a spectrum of 3-indole- 
?yruv,ic acid can be obtainccl without interference (Fig. 4). The complexing reagents 
3 and 4 do not sublime significantly in the ion source of the mass spectrometer at 
:emperatures at which the spectra of simple indoles are usually observed. CNTetNF 
Nit11 the lowest volatility of any electron acceptor tested so far appears to be the most 
useful complcxing reagent for direct mass spectrometric identification of indoles 
;ince it is also one of the strongest acceptors. 

Similar to most indole complexes with electron acceptors such as picric acid 
md trinitrobenzene21122, styphnic acid23, picryl halides2”, I-fluoro (and. chloro)-z,+ 
Sinitrobenzene2fif2”, 2,4,7-trinitro-9-fluorenone and 2,4,5,7-tetranitro-9-Ruorenonc2, 
he acceptors 3 and IO, containing dicyanomcthylene groups, give stoichiometric 
t : I complexes easily. The complexes formed by these acceptors with 3-indoleacetic 
lcid are violet to black needles. Mass spectra of the individual components can be 
htained on heating the complex in the mass spectrometer ion source; no evidence for 
‘eaction products was obtained. 

Analyses, g-Dicyanomethylene-2, 4,7-trinitrofluorene 3-indoleacetic acid com- 
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pies, m.p. x90-1g2”. Analysis - Calcd. for C,,I-I,4NaOs: C, 5S.00; I--I, 2.62; N, 15.61. 
Found: C, $3.36; H, 2.40; N, 15.66 %. Tetracyanoquinodirnethalle 3-indoleacetic acid 
complex; m.p. 174-176” Analysis - Calcd. for C,,H1,N,Oz; C, 69.65, I-5, 3.45: 
N, 1S.46. Found: C, 69.31; I-1, 3.23; N, 18.81 ‘&. 
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