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SUMMARY 

Tetracyanocthylenc and indoles readily form dark colourcd n-complexes in so- 
lution. In most instances the components of such complexes formed from indoles un- 
substituted in the 3-position, interact on standing with the formation of 34ricyanovi- 
nylindole derivatives. However the USC of tetracyanoethylene as a spray reagent for 
detecting indoles on thin-layer plates leads exclusively to the formation of these 3- 
tricyanovinyl substituted products. The structures of some of these compounds have 
been confirmed using physical and chemical methods. 

INTRODUCTION 

Electron acceptor reagents have proved to be of considerable value in thin- 
layer chromatographic (TLC) procedures for the detection and subsequent identifica- 
tion by mass spectrometry of many electron-rich aromatic and heterocyclic com- 
pounds, including a number of biologically important indole derivatives, such as 3- 
indolylacetic acid and serotoninl-5. 

Previous work carried out in these laboratories and elsewhere has shown that 
a number of different electron acceptor reagents are suitable for this purposel-“. a 
Tetracyanoethylene (TCNE) is one example of a reagent of this type which has been 
widely used in this manner 1. I-Iowever whilst it is generally recognized that TCNE 
initially forms electron donor-acceptor complexes with indoles (e.g. Fig. I, I) in solu- 
tion”, as shown by the rapid formation of deep blue-black coloured products in solu- 
tion. The components of these complexes (e.g. Fig. I, II) readily interact with each 
other to form 3-tricyanovinylindole derivatives (e.g. Fig. I, III) by the elimination 
of hydrogen cyanide as7. This reaction, which has been reported to be base catalyzed*sD, 
occurs very readily in solution and in some instances even occurs in the solid state. 

S~~~~~~tuZ.~iirstreportedtl~eprep~rationof~-tricyanovinylindole(Fig.~, 111~) 
in 1958, by the interaction of indole and TCNE in pyridinc at room temperature 
using essentially the procedure described by HECKERT 10 for the preparation of some 

l lssucd as NRCC No. 12736. 
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(a) R = NO2 
(b) R = Cl - 
(C) R=H 
(d) R = OH 

Fig. I. Complex formation and reaction of TCNE with inclolcs. 

related compounds. Shortly afterwards NOLAND et al. improved the overall yield of 
3-tricyanovinylinclole (Fig. I, 111~) to 92% by carrying out the reaction in boiling 
benzene in the presence of a small amount of pyridineO. 

In cases where the j-position of the indole nucleus was blocked (egg,, skatole 
i.e. 3-methylindole) tricyanovinylation of the inclole nucleus was reported to occur on 
the nitrogen atom”. 

It had been noted in some preliminary experiments that colours obtained from 
some indole compounds on thin-layer plates, when sprayed with TCNE, were not the 
same as those observed in solution. This was particularly true of indole compounds 
with a free 3-position, but with 3-substituted indoles only dark blue-black colours 
were obtained both on the plate and in solution suggesting that in these cases com- 
plex&ion only had occurred. 

This phenomenon was observed under “neutral” conditions, but in the presence 
of a small amount of pyridine the dark blue sol.ution obtained by the interaction of a 
typical 3-substituted inclole (3-indolylacetic acid) and TCNE was rapidly discharged, 
due to the formation of an orange-yellow compound in solution. 

We now wish to report the formation of the 3-tricyanovinylindole derivatives 
from 5-substituted indoles, both in solution and on silica gel or cellulose layers. 

MATERIALS AND METHODS 

Genera 2 
The melting points were determined on a Thomas-Hoover capillary melting 

point apparatus and are uncorrected. The NMR spectra were obhinecl on a Varian 
A-6oh instrument using tetramethylsilane as an internal reference. The mass spectra 
were obtained on a DuPont/C.E.C. 21-491 instrument. The reflectance spectra were 
obtained with the aid of a Farrand UV-visible chromatogram analyser. 
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Tetr(zcyanoethylene and. all the indole compounds used in this investigation 
were obtained from the Aldrich Cliemical Co. & 

Chemid procedalrc (i7aternctio7t of im?olcs with ‘L’CNE) 

Pve+VWllioU of 3-tricyn~tov~ll~~Iilldolcs, j?OllZ : 
(a) Indole, g-clzlovoi~uloZe mad j-uit+bim?ola. Tlic 3-tricyanovinylinclolc com- 

pounds (IIIa, IIIb, and IIIc) were prepared by mixing ecluimolar amounts of tlic 
relevant inclole compounds (Ia, Ib, ancl Ic, respectively,) with TCNE in boiling 
saturated solutions in clicl~lorometl~ane. The reaction mixtures contained in stop- 
perccl flasks were allowed to stand at room temperature for three weeks, after wliicli 
time the residual solvent was removed ilt VLZCZ~O ancl tlie dark colourecl rcsiclucs re- 
crystallized from ethyl acetate or etliyl acctatc-?I-liexane misturcs. The resulting 
crude solid 3-tricyanovinylincloles (IIIa, IIIb, and IIIc, respectively) were finally 
purilied by preparative scale TLC. The physical data for these compounds are given 
in Tables I and II. 

TABLE I 

L cl 
._--.----___.._ ._-_. -----._._... - -... _.-. ..- --.- _ .-... -...- ..- . ..--.--.. . ..- .-.-. ..___. . - ._,. ..- .._.._ ..-.. _.,.. _ _--_.-- ___.. __-_____.________ 

3-xricynno- A4.p. cozozr.~~ I?p A 12 nlysis 
villyli~9ldole PC) lJdllCn .-----------..-. .--- ._-. ----.-.---------.- 

devimlive I;‘owlrrl (‘!{,) CnlczrEnfcu! (fj$j 

c N 1V c I-I .lV 
I_-.-.---_-___-_ __-.- _...... -._.--_.--_----.._- _..-. --.._-- .__.-.- .._- ̂ .__.__ -__..-_ .- . .._.--.... .-_ ..__ _...-- .-.- _ -_._ . . --. _.---.. 

ITIn, Ii = NOa zGg ornngc 0.12 5S.88 I .85 26‘j.O 593r x.gr a&G3 
IIIb, IX = Cl 295 orange-broux 0.2G (jr.30 I.92 22,22 GI,‘{fj r.g8 22.4.7 
IIIc, R = I-I 27.5” brick-reel - - 
IIIcl, II = OH 29.5 reel-brown 0.30 ci5.55c Zf7 ;,os CL66 iQ7 23.9.3 
_____. - ______ -- __,._ _..____- .._..... - _.__._._... _.^_ _._ __.___._ -_ ..-._ - __._.. ._.- ____ _. .._.. -. -.... _ -...- -.. _..-- ..-.--. _ -.-_.__ -.-_--.-. 

n TLC on Silica. Gel G; clcvclopnwnt with bcnzcne-ethyl acctatc (10:~). 
b I.itCEl.tWC 1t’l.l’. : 273-275” (ref. 6) ; 275-276” @‘cf. 8) ; 2G8--270~ (rCf. 9). 
C It was not possible to obtain ;c cornplctcly sntisfactory vduc for carbon in this instnncc, 

(b) 5-Hy&o~yi~zdoZe. All attempts to prepare 5-liyclroxy-3-tricyanovinylinclole 
(IIId) by the interaction of 5-hyclroxyindole (Id) ancl TCNE in solution under the 
conditions clescribecl above were unsuccessful. However this procluct could be ob- 

’ tained by an adaptation of the method of SAUSEN et rd.8 or in tile following manner, 
A solution of 20 mg of g-l~yclroxyinclole (Id) in IO ml of benzene was sprayed 

uniformly onto a Merck precoatecl Silica Gel G plate (20 x 20 cm ; thickness, 0.25 mm). 
After the plate had been allowed to dry it was repeateclly sprayed with a solution of 
TCNE in clichlorometl~ane. The silica carrying the product was removed from the 
plate and the product elutecl from the silica with etllyl acetate. The crude g-hydroxy- 
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TABLE II 

NLMR $PECTRAL D+TA FOR SOME ~-TRICYANOVI~~Y~.IND~L~~ 

The NMR spectra were rncnsurccl in ncetonc-cl, solution using tctramcthylsilslnc as internal rcrcrcncc. (s) = 
singlet; (cl) = doublet;; (dd) = doublctz of doublets. 

H4 

R : 1 1 C=C\CN .m FN ,C!d 

% N 

"7 I: 

% 

3-TaGyasovinyl- 23, wa Ha IJ7 
hdole de4ivative -- --- 

6 valuea rS vdats~ J.,,,, valuel~ rS va1~t.w~ J4,,, vaZ,rceb Ja,7 vnlucb r_S valuea Jo,, valawb 

IIIa, R = NO, 8.95 (4 
z.i-5 [$ 

2-o S.30 (dcl) 2.0 9.0 7.97 (cl) 9-o 
IIXb, R = Cl 8.73 (9) 

7:70 
2.0 7.43 (dd) 2.0 9.0 7.70 (d) 9.0 

111~1, R = OH 8.73 (s) (cl) 2.0 7,oo (dd) 2.0 9.0 7*52 (d) 9.0 

a rs = chemical shift in p.p.m, 
b J = coupling constant in Hz. 

3-tricyanovinylindole (IIId) obtained in this manner was purified by the method 
described above. Physical data for this compound are given in Tables I and II. 

The 3-indolylacetic acid-TCNE and indole-TCNE complexes were obtained as 
dark blue microcrystalline solids by the method previously described by EIUTZINGER 
AND JAMLESON~, with the following modiAcation for the 34ndolylacetic acid complex, 

A mixture of cold saturated solutions of 3-indolylacetic acid and TCNE in di- 
clilorometl~ane was stored at -20~ and the dark blue microcrystalline complex 
(m.p. 147”) removed by filtration. 

Analysis, calculated, for C,,H,N,O,:C, 63.36 ; H, 2.99; N, 23.09%. Found : 
C, 62.78; H, 2.97; N, 23.41%. 

Hates. Commercially available Merck Silica Gel G or Merck cellulose plates 
(20 x 20 cm; thickness, 0.25 mm and 0.1 mm, respectively) were used for analytical 
separations, Preparative scale TLC was carried out on plates ( IOO x 20 cm ; thickness, 
0.9 mm) prepared in the laboratory using Merck Silica Gel G as the adsorbant. 

Solvegzt. A benzene-ethyl acetate (IO :3) solvent system was used in all cases, 

Analytical $wocedure 
The indole compound (10-20 pg) was applied to the plate, from solution in 

acetone. After development with the solvent system described above, the dried plates 
were sprayed with a IY~ solution of TCNE in dichloromethane, and the colours 
developed by the spots due to the indole compounds noted directly after spraying, 
The colours observed are reported in Table I. 

Mass s$ectvonzetry. Mass spectra were obtained using the standard probe for 
direct introduction of the sample into the ion source. 
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RcJlecta~zce S@%YL Reflectance spectra were recorded by plotting reflectance 
with reference to background z.~c~szcs wavelength at Io-nm intervals between 420 and 
600 nm using the single-beam mode of operation. The light source was a xenon lamp 
and a 1P28 photomultiplier tube was the detector. 

The monochromator was removed from the analyzer leg for these measure- 
* merits, as the monochromator on the exciter leg provided monochromatic light. An 
_ auxiliary filter (No. 3-73, sharp-cut at 400 nm) was used in the analyzer leg, with 
suitable slit aperture reducers appropriate to the phototube response at the various 
wavelengths (an o.ogr-mm reducer was used in the range of optimum response, 
approx. 450-600 nm, while .0.062- and 0.x25-min reducers were used outside this 
range). The 3/1G-11/32 slit set was used for all measurements. 

RESULTS AND DISCUSSION 

The results of this study confirm the relative ease with which 3-tricyanovinyl- 
indoles (cf III) are formed by the interaction of TCNE with inclole compounds un- 
substituted in the 3-position. However highly coloured electron donor-acceptor 
complexes are definitely formed initially in solution and these complexes can be 
isolated in the solid state, if the appropriate precautions are taken. This has now been 
confirmed in the case of indole itself. The dark blue complex’whicl~ can be isolated in 
the solid state by allowing its solutions in dichloromethane to crystallize at -20’ is 
however unstable even in the solid state. On standing at -20~ the colour of the solid 
slowly changes from dark blue to orange indicating the formation of the 3-tricyano- 
vinyl derivative. Nonetheless it was possible to obtain a mass spectrum of a freshly 
prepared sample of the complex, which clearly shows the presence of both species. 
Only ions derived from the individual components of the complex can be seen in the 
spectrum and there is no eviclence of peaks at higher ?n/e values corresponding to 3- 
tricyanovinylinclole (see Fig. 2). 

GOt I I 

::jlllio 
m/e 

Fig. 2, 70-0V mass spcclrurn of the inclolc-TCNE complex at a probe tomporaturc of 40~. 

Fig. 3 shows the mass spectra of a few typical 3-tricyanovinylindoles (IIIa, IIIb, 
IIIc, and IIId). In all examples studied strong molecular ion peaks can be observed, 
and in no instances are peaks apparent due to the indole compound in question or 
TCNE. 

Whilst it was possible to detect the “complex” stage in solution during the 
interaction of the indole compounds IIIa, IIIb, III& ancl IIId, the 3_tricyanovinyl- 
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292 

20 fj0 100 140 m/e 160 220 260 300 

Fig, 3, 70-0V mass spectra of some 3-tricyanovinylinclolcs; probe tcmpornturcs: IIIa, 175’; IIIb, 
135~; 11112, 120~; IIIcl, 185". 

ation reaction occurred virtually instantaneously on silica or cellulose thin-layer plates. 
On spraying developed chromatoplales containing spots due to these indole com- 
pounds the very dark colours df the complex& were not: seen, merely the orange Lo 
yellow colours of Lhe 3-tricyanovinyl derivatives. 

The NMR spectra of the g-substituted 3-tricyanovinylindole derivatives con- 
firm that: the tricyanovinyl group is in the 3-position of the indole nucleus. The signals 
due to the I-l,, H,, Ho, and I-I, protons can be clearly, seen and show the expected 
splitting patterns (see Table II). The characteristic signal for the H,-indolc proton, 
which is usually observed upfield from the H, .proton and the protons in the G-mem- 
bered ring, is not seen in any of the spectra examined (c$ JARDINE AND BROWNIE). 

As mentioned earlier the decomposition of the indole-TCNE complexes to form 
tricyanovinyl derivatives does not occur as readily in the case of 3-substituted indoles, 
and the 3-indolylacetic acid-TCNE complex has been isolated cas a relatively stable 
dark blue microcrystalline solid. Fig. 4 shows the mass spectrum obtained for this 
complex at two different temperatures, indicating that: differential sublimation of the 
two components of the complex had occurred and that mass spectra due to both had 
been cle$rly obtained. :No peaks it higher m/e values were observed indicating that 
no reaction of the two species had occurred. The formation of I-tricyanovinyl deriva- 
:,tives’from 3-substituted indoles has been reportedg and iL appears that this reaction, .% 

is ,base’catalyzed, since overspraying of blue chromatographic spots obtainecl from ,riS+ 
3Gndolylacetic acid tiith!pyridine results in the discharge of the blue colour. 

: .The,refle&ance spectra of the four 3-tricyanovinylindoles (IIIa, IIIb, 111~ and 
IlId), have. been’ m&asured,on cellulose and the results are given in Fig. 5, ‘The results 

.’ &$,rly shoti ‘that a .brqade&ng. of the reflectance maximum towards longer wave- 
,‘,’ ‘. ,. 
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Fig. 4. ;o-eV mass spcctrsc of 3-indolylacctic acid -TCNE complex at probe temperatures &own. 
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Fig. rj, Reflectance spectra of the 3-tricyanovinyl derivatives of 3-nitroindole, 5-chloroindole, in- 
dole, and 5-hydroxyindole (i.c. III& IIIb, IITc, IIId) formed i9z silu on cellulose. 
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lengths occurs with a clecrcase in the electron withdrawing propertics of tlic sub- 
stituent in the 5-position. 

The reflectance spectra mcasurcnicnts could possibly form the basis of a quan- 
titative method for tlic assay of indolc compounds. A similar nictllocl, lx~scd on the 
formation of complexes between indolc con7I~ouncls ancl 2,4,7-trinitro-g-fluorcnone 
has alreacly been proposcclG. 
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