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The l i t e r a tu re  data on the d o n o r - a c c e p t o r  in teract ion of indoles with va r ious  types of e lec-  
t ron accep to r s  used fo r  the explanation of the mo lecu l a r  mechan i sms  of b iochemical  p ro -  
c e s s e s  a r e  examined.  The r e su l t s  of r e s e a r c h  by the authors on the synthes is  of po lymer ic  
c h a r g e - t r a n s f e r  complexes  based on 1-vinylindole,  halogens,  hydrogen hal ides,  alkyl halides,  
halohydrins,  chtorani l ,  and organic  de r iva t ives  of s i l icon and tin a r e  cor re la ted .  

The intensive study of intermolecular donor-acceptor interactions began in the sixties. The detection in 
a number of charge-transfer complexes (CTC) of the properties of organic semiconductors and their ability to 
form intermediate structures in the course of a number of complex chemical reactions and biochemical pro- 
cesses [1-4] served as a stimulus for this research. It is known that the CTC are characterized by electron- 
density redistribution in the system leading to the appearance of a negative charge on the acceptor and a posi- 

tive charge on the donor [5-11]. Each year the problem of the synthesis and properties of CTC more and more 
attracts the attention of researchers, as evidenced by the publication of a number of new reviews [12-16]. 

The study of CTC based on compounds of the pyrrole series is of particular significance because they are 
components of many natural substances. Of these compounds indole derivatives are worthy of the greatest 
attention in connection with their exceptionally important role in the physiological processes of plant and ani- 
mal organisms. A number of studies carried out by various authors confirm the ability of indole derivatives 
to form CTC [17-19]. Szent-Gy~jrgi links the physiological activity of biologically active substances containing 
an indole ring with their electron-donor capacity [20]. 

Pullman and Pullman [18] in a correlation of research in quantum biochemistry point out that the elec- 
tron-donor properties of pyrrole compounds increase, judging from the energy coefficients of their upper filled 
molecular orbitals, on passing from pyrrole to indole but remain unchanged on passing from indole to carba- 
zole (Table I). 

In contrast to indole and tryptophan, serotonin (5-hydroxytryptamine) has a higher electron-donor ca- 
pacity [21]. 

In 1961 Szent-GySrgyi  and Eisenberg  [22] es tab l i shed  the ability of indole and py r ro l e  to f o r m  colored 
s table  complexes  with iodine. In the i r  opinion, t r a n s f e r  of an e lec t ron  in this complex f rom the ~ s y s t e m  of 
indole to the iodine molecule  occurs  because  of " local"  in teract ion of I 2 with r e spec t  to the C (2)-C (3) posit ion 
of the indole ring, which has inc reased  e lec t ron  density [18, 23]. A study of the ESR spec t r a  of indole in t ro-  
duced into 1 ,4 -d ib romobenzene  c r y s t a l s  conf i rms  local izat ion of the spin density in the C (2)-C (3) posi t ion [24]. 

J apanese  [25] and Amer i can  [26, 27] r e s e a r c h e r s  have shown that a lkyl-  and a r y l p y r r o l e s ,  as well  as 
methoxyindoles ,  f o r m  C TC with chlorani l  and te t racyanoethylene  (TCE), which absorb  at 400-750 nm and have 
the p r o p e r t i e s  of organic  semiconduc to r s .  Sung and P a r k e r  [27] p ropose  the following s t ruc tu re  for  the indole 
complex  with TCE (kma x 550 nm): 

F o s t e r  [28] has es tab l i shed  that the fo rmat ion  of an in t e rmolecu la r  C TC is an in te rmedia te  step in the 
reac t ion  of indole with TCE, which leads to the final p r o d u c t - 3 - t r i c y a n o v i n y l i n d o l e .  La t e r  Sidorov ['29] made 

I rkutsk  Insti tute of Organic  Chemis t ry ,  Siberian Branch of the Academy of Sciences of the USSR, I rkutsk " 
664033. Trans la ted  f r o m  Khimiya  Gete ro t s ik l ichesk ikh  Soedinenii, No. 9, pp. 1155-1163, September ,  1977. 
Original  a r t i c l e  submit ted  October  12, 1976. 

0009-3122/77/1309-0927 $07.50 �9 1978 Plenum Publishing Corpora t ion  927 



TABLE 1. Energ ies  of the Orbi ta ls  of 
P y r r o l e  Compounds 

Energy of upperlEnergy of lower 
Compound filled molecula~vacant f/aolecu- 

orbital [lar orbital 

Pyrrole 
Indole 
Tryl~.tophan 
Seroto~in 
Carbazole 

0,618 
0.534 
0,534 
0A61 
0.539 

- 1 , 3 8 1  
- 0,863 
- 0,863 

- 0 ~ 8 6  

a spec t r a l  study of the complexing of meta l  de r iva t ives  of e t ioporphyr in  with te t racyanoquinodimethane and 
TCE and showed that the zr e lec t rons  of the t e t r a p y r r o l e  ligand par t i c ipa te  in the fo rmat ion  of the CTC. The 
reac t ion  between a meta l loporphyr in  and CI- ,  B r - ,  and r" p roceeds  s imi la r ly ;  a ba thochromic  shift  (10-20 nm) 
of all of the bands of the meta l loporphyr in  is obse rved  in the spec t r a  of the complexes  with a s imul taneous de-  
c r e a s e  in the intensity of the long-wave band [30]. 

Indole, t ryptamine ,  and sero tonin  complexes  with naphthalene, anthracene,  biphenyl, and 1 ,1 ,4 ,4 - t e t r a -  
phenylbutadiene have been proposed  in an Am e r i can  patent  [31] fo r  use in l a s e r  technology. 

A number  of paper s  on the study of the C TC of indoles with nitro der iva t ives  a re  known. F o s t e r  [32] 
studied the molecu la r  complexes  of py r ro l e  and a lkylmdoles  with 1 ,4-dini t robenzene and 1 ,3 ,5- t r in i t robenzene  
by means  of NMR. Proceed ing  f rom the la rge  chemica l  shifts  of the 2 -H and 3-H protons  as compared  with 
benzene ring protons ,  he assumed  local izat ion of the 7r-Tr bond in the C (2)-C (3) posi t ion of the py r ro l e  ring. 

Sung and P a r k e r  [27] invest igated the complexing of a number  of different  methoxyindoles with 1,3,5- 
t r in i t robenzene  and m e a s u r e d  the i r  assoc ia t ion  constants  f rom PMR data. They showed that in the case  of the 
fo rmat ion  of the indicated complexes  the re la t ive  chemica l  shifts  of the 3- and 4-H protons a r e  l a r g e r  than for  

7-H protons ,  respec t ive ly .  Thus the following AD A values  (in hertz) were  obtained for  5 -methoxy-  the 2-  and 
indole: 2 -H  (27.0), 3-H (63.1), 4 -H 05.4),  and 7-H (63.6). The authors  p ropose  a s t ruc tu re  with or ienta t ion of 
the donor and accep to r  molecules  in pa ra l l e l  planes for  the molecu la r  complexes .  On the bas i s  of the la rge  
assoc ia t ion  constants  (K in k i log rams  pe r  mole) fo r  the 2 -H (2.440) and 7-H (1.744) protons as compared  with 
3-H (1.573) and 4-H (1.412) they a s s u m e  local izat ion of the bond in the 2 and 7 posi t ions during the fo rma t ion  
of the CTC. 

Colored c rys ta l l ine  indole and alkylindole complexes  with 1 -ch lo ro -  and 1- f luoro-2 ,4-d in i t robenzene  
have been obtained [33]. 

It has been shown by a study of the IR, UV, and PMR spec t r a  of complexes  of 2 ,3-subs t i tu ted  indoles with 
der iva t ives  of di- and t r in i t robenzenes  that the fo rmat ion  and stabi l i ty  constants  of C TC inc rease  in conformi -  
ty with the e lec t ron-donor  capaci ty  of indoles (CH 3 > H ~ iso-C3H 7 > C2H 5 > ter t -C4H 9) and the accep to r  p r o p e r -  
t ies  of n i t robenzene der iva t ives  (NO 2 > C N > COOCH 3 > H > CH 3 > OCH 3) [34, 35]. The assoc ia t ion  constants  of 
C TC between serotonin,  t ryptamine ,  d imethyl t ryptamine ,  and 1 ,3 ,5- t r in i t robenzene  have been de te rmined  by a 
spec t ropho tomet r i c  method [36]. 

Complexes  of 12 indole der iva t ives  of the 3- indolylacet ic  acid s e r i e s  with polyni t rof luorenes  have been 
desc r ibed  [37]. Composi t ions  containing isoindole, 1 ,2 ,3- t r iphenyl isoindole  der iva t ives  with 2 ,4 ,7 - t r i n i t r o -  
f luorenone a re  used in the manufac ture  of m a t e r i a l s  with improved  e lec t rophotographic  sensi t iv i ty  [38]. 

Kost  and c o - w o r k e r s  [39] have used the ability of indole der iva t ives  to give C TC with e l e c t r o n - a c c e p t o r  
molecules  fo r  the separa t ion  of 3 -0 -me thy lhep ty l ) indo le  into its optical ly act ive antipodes.  ( + ) - a - ( 2 , 4 , 5 , 7 -  
: re t rani t ro-9- f luorenyl ideneamino)propionic  acid N-oxide,  which r eac t s  with 3-(1-methylheptyl ) indole  to give 
an opt ical ly act ive deeply colored black complex that abso rbs  at 440-470 nm, has been synthes ized  as an opt i-  
cally act ive acceptor .  

The eomplexing of t ryptophan with t e t ran i t romethane  [40] p roceeds  at  a m a x i m u m  ra te  at pH < 7. 

Of the var ious  e lec t ron  aecep to r s  in lmture, quinones a re  widely distr ibuted.  Studies of the complexing of 
var ious  indole compounds with quinones evidently make it poss ib le  to a r r i v e  at an understanding of the molecu-  
l a r  mechan i sms  of b iochemica l  p r o c e s s e s .  A spec t r a l  study of the CTC of indole, tryptophan, 5 -hydroxyt ryp to-  
phan, and serotonin with benzoquinone, 2,6-dimethylbenzoquinone,  and chlorani l  was c a r r i e d  out in liquid and 
supercooled  solutions [41]. The complexes  thus obtained give a s t rong ESR signal and colorat ion in aqueous 

928 



solut ions.  A new method has been p roposed  fo r  the identification of d imecarb ine  (1 ,2 -d ime thy l -3 -ca rbe thoxy-  
indole) and mexamine  (5 -methoxyt ryp tamine  hydrochloride) ;  this method is based  on the fo rmat ion  of colored 
complexes  with 1 -n i t ro so -2 -naph tho l  [42]. 

The p r epa ra t i on  of complexes  of t ryptophan and o the r  indole de r iva t ives  with var ious  b iochemica l  e lec-  
t ron accep to r s  has been  r epor t ed  [43-52]. 

The enzyme nicot inamide adenine dinucleot ide phosphate  (NADP) p lays  an impor tant  role  in m o s t  b io-  
logical  oxidation p r o c e s s e s  involving the t r a n s f e r  of e lec t rons .  There  a re  numerous  examples  of its pa r t i c ipa -  
tion in in t r amolecu la r  CTC. The mos t  impor tan t  compounds of this so r t  a re  compounds fo rmed  between NADP 
or  re la ted  model  compounds and de r iva t ives  of indole, serotonin,  and t ryptophan [44, 49-52, 53], which is the 
s t ronges t  e lec t ron  donor of the four  a r o m a t i c  amino acids contained in pro te ins .  

A reac t ion  with ~ over lapping between indole and b a s e s  of nucleic acids,  which leads to a hypsochromic  
effect  in the e lec t ron ic  absorp t ion  s p e c t r a  and f luorescen t  emi s s ion  in aqueous solutions,  has been invest igated 
[54]. Model compounds in which indole and the ba se s  of nucleic acids (adenine, cytosine,  guanine, and thymine) 
a r e  connected by t r ime thy lene  o r  t e t r amethy lene  br idges  were  synthes ized  fo r  this purpose .  F o r  models  of 
the i n d o l e -  (CH2) 3- base  type the f rac t ion  of o r de r ed  configurat ions with ~r over lapping was es t imated  f r o m  the 
changes in the quantum luminescence  yie ld  and the l i fe t imes .  

During a study of a num ber  of cycl ic  amino acids and the i r  de r iva t ives  as poss ib le  e lec t ron  donors  it 
was  es tab l i shed  that only those chemica l  compounds whose composi t ion  includes an indole ring have the ability 
to complex with r ibof lavin  [44]. B r e s l e r  and c o - w o r k e r s  [55] have invest igated the p r o c e s s e s  involved in the 
fo rma t ion  and e lec t ro ly t ic  d issocia t ion  of C TC between riboflavin,  t ryptophan,  5-hydroxytryptophan,  and s e r o -  
tonin. The obse rved  absorp t ion  at 400-500 nm a t tes t s  to the fo rmat ion  of CTC. It was es tab l i shed  that the 
bonding constants  in the CTC and the ac t ivat ion energ ies  depend on the chemica l  s t ruc tu re  of the donor.  Sero-  
tonin has the m a x i m u m  degree  of e l ec t ron -donor  p r o p e r t i e s ,  and t ryptophan has  the min imum degree.  This 
r egu la r i ty  is explained by the p r e s e n c e  in the serotonin  molecule  of a hydroxyl  group in the 5 posi t ion of the 
indole ring, which i n c r e a s e s  its e lec t ronegat iv i ty .  With r e s p e c t  to its e l ec t ron-donor  p rope r t i e s ,  5 -hydroxy-  
t ryptophan l ies between sero tonin  and tryptophan.  It has been  shown by ESR spec t roscopy  that the abili ty of 
the C TC to undergo d issoc ia t ion  to ion rad ica l s  is d i rec t ly  dependent on the e l ec t ron-donor  p r o p e r t i e s  of in- 
dole der iva t ives .  The equi l ibr ium constant  fo r  the d issocia t ion  of the CTC in the case  of 5-hydroxyt ryptophan 
is independent of the t empe ra tu r e ,  whereas  the equi l ibr ium constants  fo r  serotonin and t ryptophan dec r ea se  as 
the t e m p e r a t u r e  r i s e s .  The fo rma t ion  of indole complexes  with o ther  f lavins in neutra l  and acidic solutions 
has been demons t r a t ed  by a spec t ropho tome t r i c  method [56, 57]. The appearance  of bands with k m a x  500-550 
nm is obse rved  in the v i s ib le  region of the spec t ra .  

The fo rma t ion  of C TC f rom tryptophan and adenosine t r iphosphor ic  acid has been es tabl i shed [58]. The 
in t e rmolecu la r  d o n o r - a c c e p t o r  in teract ion of va r ious  indole compounds with thiamine (vitamin B1) and thia-  
mine  pyrophosphate  has been  invest igated by means  of UV and NMR spec t roscopy  [59]. In analogy with the in- 
t e rac t ion  of indole, t ryptophan,  and N~-ace ty l t ryp tophan  with a c c e p t e r s  of the phthal imide type in organic  so l -  
vents  [60], the fo rmat ion  of in te r -  and i n t r amolecu l a r  CTC in polypeptides is a ssumed.  All of the colored 
complexes  give absorpt ion  m a x i m a  at 350-490 nm. 

It has been es tab l i shed  by pulse  19F NMR that in the complexing of N- t r i f luoroace ty l t ryp tophan  with ~ -  
chymot ryps in  the posi t ion of the resonance  of the f luorine nuclei of N- t r i f luoroace ty l t ryp tophan  is shifted 1 
ppm to weak field [61]. The constants  of fo rmat ion  of complexes  between indole or  1- t ryptophan and (~-cyclo-  
dextr in  have been es tab l i shed  by c a l o r i m e t r i c  t i t ra t ion  [62]. The in t e rmolecu la r  in teract ion of indole and 3- 
methyl indole  with imidazole  and hist idine has been invest igated by a spec t ropho tomet r i c  method [63, 64]. The 
s a m e  authors  [63,64] used a s i m i l a r  method to detect  CTC in some  peptides and prote ins  containing t ryptophan 
and hist idine res idues .  The p r e s e n c e  of an i n t r amolecu la r  s ing le t - - s ing le t  e lec t ron  t ransi t ion in indole alkaloids 
has been  es tab l i shed  by spec t r a l  methods [65]. 

It has been shown on the bas i s  of PMR and m a s s  spec t r a l  data that the protonated f o r m  of indole n i t ro-  
gen-pyr idy le thy la ted  t e t r ahydro -~ / -ca rbo l ines  f o r m s  C TC because  of i n t r amolecu la r  in teract ion of the e lec-  
t ron -donor  indole and e l e c t r o n - a c c e p t e r  pyr id ine  s y s t e m s  [66]. 

P a p e r s  devoted to the study of complexing of indoles with the sa l ts  and organic  der iva t ives  of meta l s  
w e r e  published in 1974-1976. Thus it was es tab l i shed  [67].that 1 ,3 ,3- t r ichloroisoindolenine  f o r m s  complexes  
with SbCI~ and A1C13. It was shown [68] that because  of the fo rmat ion  of CTC, solutions of indole and SbC13 
have e l ec t r i ca l  conductivity.  The fo rmat ion  of complexes  due to a d o n o r - a c c e p t o r  bond between Au 3+ and the 
indole ring of t ryptophan has been  es tab l i shed  spec t ropho tomet r i ca l ly  [69]. The quenching of the f luorescence  
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of indole by lanthanide ions is realized via a mechanism including electron transfer  from the excited indole 
ring to the lanthanide ions [70]. The mass spectrometr ic  behavior of trimethyl- and triphenyllead complexes 
with pyrrole  and indole has been investigated [71]. 

The research  on CTC based on indole and its derivatives has pr imari ly encompassed the synthesis of 
low-molecular-weight complexes. The introduction of a vinyl group in the indole molecule opens up the possi- 
bility of the preparation and investigation of polymeric CTC. The f i rs t  data on the synthesis of CTC from 
vinyl derivatives of indole pertain only to 1967-1968. Thus the polymerization of 1-vinylindole and 1-vinyl- 
pyrrole  in the presence of tetracyanoethylene, chloranil, tetracyanoquinodimethane, and 1,4,5,8-tetrachloro- 
anthraquinone, which proceeds through the intermediate formation of CTC, has been reported in a patent [72]. 
Polymeric CTC are formed by the reaction of 1-vinylindole and 1-vinylpyrrole with chloranil [73]. However, 
vinyl derivatives of imidazole and pyrrolidone form only monomeric complexes under similar  conditions. A 
method for the preparation of polymeric complexes with 2,4,7-trinitro-9-fluorenone on the basis of poly(vinyl- 
indole) and a 1-vinylindole - indole copolymer, formed through an endocyclic double bond, has been patented [ 74, 75]. 

Kossmehl and Maneeke [76] have investigated poly (vinylindole) as a catalyst for  photochemical polymeri-  
zation, using its ability to form an ion radical. 

At the star t  of the sixties, Skwortsova and Domnina and co-workers did research on the chemistry of 1- 
vinylindole [77, 78]. They observed its ability to form CrC during an investigation of halogenation [79] and by- 
drohalogenation [80, 81]. The composition of the products depends on the amount of halogen introduced into the 
reaction. The determination of the molecular weights of the halogenation and hydrohalogenation products 
showed that they are  mainly tetra- ,  hexa-, and oetamers of halo derivatives of l-vinylindole. Moreover, their 
degree of polymerization decreases  as the amount of halogen used in the reaction is increased. The action of 
catalytic amounts of bromine, chlorine, iodine, and the corresponding hydrogen halides on 1-vinylindole gives 
r ise to low-molecular-weight polymerization, the degree of which reaches 8-10%. Like halogens, catalytic 
amounts of alkyl halides, halohydrins, or  chloranil also cause polymerization of 1-vinylindole [82 ]. 1-Vinyl- 
indole reacts  with equimolar or excess amounts of these reagents to give brightly colored polymeric crys ta l -  
line products with different compositions. Ethylene chlorohydrin, regardless of the amount used in the reac-  
tion, brings about only polymerization of 1-vinylindole. Trimethylene bromohydrin and 1,4-butylene chlorohy- 
drin react  considerably more vigorously to give colored polymeric products. Of the investigated accepters,  
chloranil, which is incorporated in the composition of the polymer link in a ratio of 1 :2 ,  displays the g rea tes t  
reactivity with respect  to 1-vinylindole. 

It has been established by pharmacological and microbiological studies of 1-vinylindole and complexes 
based on it that 1-vinylindole has a depressive effect on the central nervous system (CNS), prevents electrical  
shock- and karazol-induced convulsions, and excites respiration for a long time. The products of bromination 
of 1-vinylindole have a bacteriostatic effect on the tuberculosis bacillus. Chlorinated 1-vinylindole is active 
with respect  to staphylococcus and diphtheria, sporogenous, and tuberculosis bacilli and has a fungistatic effect 
with respect  to pathogenic fungi. 

The dependence of the electrical  propert ies of polymeric complexes on the electronic structure of ligands, 
the nature of the electron-acceptor  component, and their ratio has been investigated. 

Organylhalostarmanes and organylhalosilanes have also been used as electron accepters [82]. A detailed 
investigation of their reaction with 1-vinylazoles had been carr ied out previously [83, 84]. The formation of 
only monomeric complexes of different compositions through the unshared pair  of electrons of the nitrogen atom 
in the 3 position and the vacant orbitals of the silicon and tin atoms was demonstrated: 

~lN ~ -I- RnMX/.,_ n ~ I~ ,~  ' RnM;K4-n 

CH=CH 2 CH=CH 2 
M=Sn~5i 

The reaction of 1-vinylindole with organic derivatives of group IVB elements proceeds in a different di- 
rection. As in the case of stannic chloride [85], coloredpolymeric complexes with a smallpercentage of the accep- 
tot  are  formed in the reaction of its organic derivatives with 1-vinylindole. Organic silicon compounds also 
bring about polymerization of 1-vinylindole. Of these compounds, trimethylchlorosilane, which forms a 4 : 1 
complex, displays the highest activity: 
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TABLE 2. EStt Spectra  of Complexes  Based 
on 1-Vinylindole (VI) 

Investigated product 
No. of unpaired 
electrons. N. 
10 -18 spins/g 

Line width between 
the points of maxi- 
mum slope ZXH, Oe 

VI-bromine 
VI-iodine 
VI - chlorine 
VI--HBr 
VI--HC1 
VI--C2H~Br 
VI--propylene bromohydrin 
VI-- chlorani1 
VI- Q I-IsSiC h 

12 
2,1 
4,7 

20,0 
5,1 
3,8~ 
6,82 
7,44 
2,1 

11,3 
10 
12,5 
12,5 
18,5 
8 

13 
6 
9,5 

1-Vinylindoline and 1-v iny l te t rahydro indole  have been invest igated as ligands to a s c e r t a i n  the complex-  
ing abil i ty of vinyl de r iva t ives  of the indole s e r i e s  as a function of the i r  e lec t ronic  s t ruc tu re  [86, 87]. They 
also f o r m  po lymer i c  C TC with halogens,  hydrogen halides,  and organic  e lec t ron  accep to r s .  

The s t r u c t u r e s  of the products  of the reac t ion  of 1-vinylindole with the invest igated e lec t ron  accep to r s  
have been conf i rmed  by means  of phys icochemica l  methods [79-82]. The po lymer i c  c h a r a c t e r  of the complexes  
based  on 1-vinylindole was p roved  by the s imi l a r i t y  between the i r  Ill s pec t r a  at 700-3600 cm -1 and the spec-  
t rum of individual poly(vinylindole).  Bands of e lec t ron  c h a r g e - t r a n s f e r  with max ima  at  490-500 nm a p p ea r  in 
the v is ib le  region of the s pec t r a  of the products  of the reac t ion  of 1-vinylindole,  1-ethylindone, and polytvinyl-  
indole) with e lec t ron  accep to r s .  The changes in the e lec t ronic  spec t r a  of 1-vinylindole complexes  with halo-  
gens ,  hydrogen halides,  and organic  e lec t ron  accep to r s  a re  independent of the amount of e l ec t ron  accep tor  in- 
co rpora ted  in the po l ym er  chain. The intensity of the ESR signals  fo r  the invest igated po lymer i c  complexes  
co r re spond  to the concent ra t ions  of the pa r amagne t i c  cen te r s  (on the o r d e r  of 1018 pe r  g r a m  of the substance) 
(Table 2). 

The se t  of all  of the data obtained provides  evidence that the products  of the reac t ion  of 1-vinylindole 
with halogens,  hydrogen halides,  and organic  e lec t ron  accep to r s  a re  po lymer i c  c h a r g e - t r a n s f e r  complexes .  
The reac t ion  p roceeds  through opening of the double bond of the vinyl group and d o n o r - a c c e p t o r  in teract ion of 
the indole r ings of the p o l y m e r  chain with the accep to r  molecules .  

The calcula t ion of the 1-vinylindole molecule  made  by F ro lov  [88] within the Pople approximat ion p r o -  
vides  evidence fo r  inc reased  zr-electron densi t ies  on the f l -carbon a tom of the vinyl group and in the 2, 3, 6, 
and 8 posi t ions  of the indole ring. 

- Oy070 ~ - 0,p036 
I I I o ,..... ~ . , j  -o,oz2 

- O~OOE CH-----CH 2 

The nitrogen atom has a positive charge, and its unshared pair of no" electrons is deloeaI~ed over the 

entire system of ~ electrons. The donor-acceptor interaction of l-vinylindole may therefore occur with the 

par t ic ipa t ion  of the bonding mo lecu l a r  o rb i ta l s .  According to the Mulliken c lass i f ica t ion  [89], 1-vinylindole 
complexes  with halogens,  hydrogen halides,  alkyl halides,  and halohydrins  should be  of the ~-cr type, and the 
complexes  wi th  chlorani l  should be of the ~-~r type. The po lymer i c  complexes  of 1 -v iny lpyr ro le  with organyl -  
halostarmanes and organylha los i lanes  f o rm ed  with the par t ic ipa t ion  of the vacant  orb i ta l s  of tin and sil icon a re  
of the lru type. 

The combinat ion in the 1-vinylindole molecule  of the p r o p e r t i e s  of the vinyl monomer  and the indole s y s -  
tem ensures  its abili ty to f o r m  h igh-molecu la r -we igh t  c h a r g e - t r a n s f e r  complexes .  Var ia t ion of the percen tage  
and nature  of the e lec t ron  accep to r  in them makes  it poss ib le  to change the i r  composi t ion and p rope r t i e s .  

L I T E R A T U R E  C I T E D  

1. G. Briegleb,  E lek t ronen-Dona to r -Accep to r  Komplexe,  Springer,  Ber l in  (1961). 

931 



2. V .P .  Parini, Usp. Khim., 31, 822 (1962). 
3. H. Inokuchi and H. Akamatu, Electrical Conductivity of Organic Semiconductors [Russian translation], 

Inostr. Lit., Moscow (1963). 
4. J . J .  Brophy, J. W. Buttery, and N. J. Macmillan, Frontier, 23, 4 (1961). 
5. A.A. Blyumenfel'd, V. V. Voevodskii, and A. G. Semenov, Application of ESR in Chemistry [in Rhssian], 

Izd. Sibirsk. Otd. Akad. Nauk SSSR, Novosibirsk (1962), p. 160. 
6. R.S.  Mulliken, J. Am. Chem. Soc., 74, 811 (1952). 
7. R.S. Mulliken, J. Phys. Chem., 56,341 (1952). 
8. R.S. Mulliken, J. Chem. Phys., 23,397 (1955). 
9. R.S. Mulliken and W. B. Person, Molecular Complexes, Wiley-interscience, New york (1969). 

10. V.A. Izmail'skii, Proceedings of the Eighth Conference on Aniline Dye Chemistry [in Russian], Nauka, 
Moscow (1950), p. 90. 

11. D. Both, Sci. Progr.,  48, 435 (1960). 
12. L . J .  Andrews and R. M. Keefer, Molecular Complexes in Organic Chemistry, Holden-Day (1964). 
13. E.N. Gur'yanova, L P. Gol'dshtein, and L P. Romm, The Donor-Acceptor Bond [in Russian], Khimiya 

(1973). 
14. R. Foster, Organic Charge-Transfer Complexes, Academic Press (1969). 
15. E.M. Kosower, in: Introduction to Physical Organic Chemistry, Wiley-Interscience (1968). 
16. S.I.  Peredereeva, S. I. Orlov, and M. I. Cherkashin, Usp. Khim., 44, 602 (1975). 
17. A. Szent-GySrgyi, Introduction to Submolecular Biology, Academic Press (1960). 
18. B. Pullman and A. Pullman, Quantum Biochemistry, Wiley-Interscience (1963). 
19. J .V .  Sarkisian and T. G. Spelsberg, Plaut Physiol., 39, 16 (1964). 
20. G. Karreman, I. Isenberg, and A. Szent-GySrgyi, Science, 130, 1191 (1959). 
21. J. Isenberg, A. Szent-GySrgyi, and S. L. Baird, Proc. Natl. Acad. Sci. U.S., 46, 1307 (1960). 
22. A. Szent-:GySrgyi, J. Isenberg, and J. McLaghlin, Proc. Natl. Acad. Sci. U.S., 47, 1089 (1961). 
23. P. Millie, J. P. Malrien, J. Benaim, J. I. Lallemand, and M. Julia, J. Med. Chem., 11,207 (1968). 
24. E .T .  Harrigan and N. Hirota, Chem. Phys. Lett., 22, 29 (1973). 
25. T. Matsuo and H. Shosenji, Bull. Chem. Soc. Jpn., 41, 1068 (1968). 
26. R. Foster and P. Hanson, Trans. Faraday Soc., 6_.~0, 2189 (1964). 
27. M.T.  Sung and J. A. Parker, Proc~ Natl. Acad. Sci. U.S., 69, 1196 (1972). 
28. R. Foster and P. Hanson, Tetrahedron, 2.~_1,255 (1965). 
29. A.N. Sidorov, in: Methods for the Investigation of Photochemical Photosynthesis Reactions in Vitro and 

in Vivo [in Russian], Pushchino (1975), p. 53. 
30. P .V.  Kuzovik, in: Spectroscopy and Luminescence [in Russian], Minsk (1975), p. 31. 
31. A. Dienes, C. V. Shank, and A. M. Trozzolo, U.S. Patent No. 2090072 (1970); Chem. Abstr., 77, 95282 

(1972). 
32. R. Foster  and C. A. Fyfe, J. Chem. Soc. (B), NOo 9, 926 (1966). 
33. J. Elguero and R. Jacquier, An. Real. Soc. Espan. Fis. Quim., Ser~ B, 6_3, 905 (1967). 
34. M. Alexandre and P. Rigny, Mol. Cryst. Liquid Cryst., 17, 19 (1972). 
35. B. Sabourault and J. Bourdais, Compt. Rend. (C), 274, 813 (1972). 
36. M.R. Gasko, Farmaco Ed. ScL, 3_~0, 512 (1975). 
37. O. Hutzinger and W. D. Jamieson, Anal. Biochem., 35, 351 (1970). 
38. C . J .  Fox, U.S. Patent No. 388476 (1974); Ref. Zh. Khim., 20N785 (1974). 
39. A.N. Kost, V. A. Budylin, and O. A. Mochalova, Vestn. Mosk. Gos. Univ., Khim., No. 4, 467 (1975). 
40. M. Sokolowskyi, M. Fuchs, and J. Riordad, Fed. Eur. Biochem. Soc. Lett., 7, 167 (1970). 
41. F. Leterr ier  and F. Dounzou, Quantum Aspects of Heterocyclic Compounds, Chem. Biochem. Proc. Int. 

Syrup. 2nd, 225 (1970). 
A. V. Litvinenko and V. N. Bernshtein, Khim.-Farm. Zh., No. 3, 40 (1969). 42 

43 
44 
45 
46 
47 
48 
49 
51. 
52. 
53. 

A. Szent-GySrgyi and J. Isenberg, Proc. Natl. Acad. Sci., U.S., 46, 1334 (1960). 
J. Is enberg and A. Szent-GySrgyi, Proc. Natl. Acad. Sci. U.S., 4_55, 1225 (1959). 
J. Isenberg, A. Szent-GySrgyi, and S. L. Baird, Proc. Natl. Acad. Sci. U.S., 4_~6, 1307 (1960). 
E. Fujimori, Proc. Natl. Acad. Sci. U.S., 4_5_5, 133 (1959). 
H. A. Harbury and K. A. Foley, Proc. Natl. Acad. Sci., U.S., 4_~4, 662 (1958). 
H. A. Harbury, K. E. LaNoue, P. A. Loach, and R. M. Amick, Proc. Natl. Acad. Sei., U.S., 4_55, 1708 (1959). 
G. Cilento and P. Qiusti, J. Am. Chem. Soc., 8_1.l, 3801 (1959). 
S. G. Alivisatos, G. A. Mourkides, and A. Jibril, Nature, 1_~86, 718 (1960). 
S. G. Alivisatos, F. Ungar, A. Jibril, and G. A. Mourkides, Biochim. Biophys. Acta, 5_! , 361 (1961). 
E. M. Kossower, J. Am. Chem. Soc., ~ 3497 (1956). 

932 



54. M. Kiyoshi, A. G. Bruce ,  and J. L. Nelson, J.  Am. Chem. Soc., 97, 4095 (1975). 
55. S . E .  B r e s l e r ,  N. N. Vasi l 'eva,  E. N. Kazbekov, L. A. Noskin, and V. N. Fomichev,  Mol. Biol., 4, 571 

(1970). 
56. J . F .  P e r e i r a  and G. Tollin, Biochim. Biophys. Acta, 143, 75 (1967). 
57. A. Bowd, P. Byron,  J.  B. Hudson, and J. H. Turnbui1, Photochem. Photobiel. ,  l_ll, 445 (1970). 
58. A.W.  Par in ,  E. P. Saweljew, and L. L. Kiseiev,  Fed. Eur.  Biochem. Soc. Lett. ,  9, 167 (1970). 
59. J . I .  Mieyal, J. Suchy, I. E. Biaglow, and H. L. Sable, J. Biol. Chem., 24_._~4, 4063 (1969). 
60. J . P .  Carr ion,  D. A. Deranleau,  B. Donzel, K. Esko, P. Moser ,  and R. Schwyzer, Helv. Chim. Acta, 5_!1, 

459 (1968). 
61. J . T .  Gering and A. D. Stock, Org. Magn. Reson.,  7, 249 (1975). 
62. E . A .  Lewis and L. D. Hansen, J.  Chem. Soc., Perk in  II, No. 15, 2081 (1973). 
63. M. Shinitzky and E. Katchalski,  Mol. Assoc. Biol. P roc .  Int. Symp. Acad. P re s s ,  New York (1968), p. 361. 
64. M. Shintzky and M. Fridkin,  Eur.  J.  Biochem.,  9, 176 (1969). 
65. R . D .  Rauch, T. R. Evans, and P. A. L e e r m a k e r s ,  J .  Am. Chem. Soc., 90, 6897 (1968). 
66. A .N.  Kost, M. A. Yurovskaya,  A. B. Belikov, and P. B. Teren t ' ev ,  Khim. Geterots ikl .  Soedin., No. 8, 

1050 (1973). 
67. V . B .  Milevskaya, G. I. Matyushcheva, V. P. Kukhar ' ,  and L. M. Yagupol'skii,  Zh. Org. Khim., 11, 2449 

(1975). 
68. P . V .  Johnson and E. C. Baughan, J, Chem. Soc., Pe rk in  II, No. 14, 1958 (1973). 
69. A.S .  Chernyak and L. V. Shestopalova, Deposited Paper  No. 3215-75,  VINITI (1975); Ref. Zh. Khim., 

6B49 Dep. (1976). 
70. R .W.  Ricci and K. B. Kilichowski, J. Phys.  Chem., 78, 1953 (1974). 
71. M . L .  Basenet ,  C. J. Merr i t t ,  and R. E. Sacher,  Int. J. Mass Spectrom. Ion Phys. ,  17, 9 (1975). 
72. S. Harvey,  U.S. Patent  No. 3336275 (1967); Chem. Abstr . ,  6-7, 74015 (1967). 
73. M. Hatano and S. Kambara ,  Kogyo Kagaku Zasshi ,  70, 1886 (1967); Chem. Abstr . ,  69, 10771 (1968). 
74. E. Gipstein and W. Hewelt, U.S. Patent  No. 1906831 (1969); Chem. Abstr . ,  7_.22, 13375 (1970). 
75. E. Gipstein and W. Hewelt, U.S. Patent  No. 1917747 (1969); Chem. Abstr . ,  7_.~2, 7945 (1970). 
76. G. Kossmehl and G. Manecke, Makromol. Chem., i15,285 (1968). 
77. E.S. Domnina, Master's Dissertation, Irkutsk (1967). 
78. M.F. Shostakovskii, G. G. Skvortsova, and E. S. Domnina, Usp. Khim., 3..88, 892 (1969). 
79. G.G. Skvortsova, E. S. Domina, and Yu. G. Frolov, Khim. Geterotsikl. Soedin., No. 5, 673 (1968). 
80. M.F. Shotakovskii, G. G. Skvortsova, E. S. Domnina, Yu. L. Frolov, N. P. Glaskova, and G. Ao 

Kravchenko, Khim. Geterotsikl. Soedin., No. 8, 1025 (1968). 
81. M.F. Shostakovskii, G. G. Skvortsova, Yu. L. Frolov, and E. S. Domnina, Dokl. Akad. Nauk SSSR, 17___~3, 

593 (1967). 

82. E.S. Domnina, L. P. Makhno, N. N. Chipanina, D. D. Taryashinova, and G. G. Skvortsova, Izv. Akad. 
Nauk SSSR, Ser. Khim., No. 8, 1837 (1974). 

83. M.G. Voronkov, G. G. Skvortsova, E. S. Domnina, Yu. N. Ivlev, R. G. Mirskov, O. S. Ishchenko, and 
I. M. Korotaeva, Zh. Obshch. Khim., 42, 2199 (1972). 

84. M.G. Voronkov, G. G. Skvortsova, E. S. Domnina, Yu. N. Ivlev, and N. F. Chernov, Zh. Obshch. Khim., 
4__66, 311 (1976). 

85. E . S .  Domnina, G. G. Skvortsova, N. P. Glazkova, and M. F. Shostakovskii, Khim. Geterots ikl .  Soedin., 
No. 3, 390 (1966). 

86. L . P .  Makhno, E. S. Domnina, A .K .  Sheinkman, and G. G. Skvortsova, Summaries  of Papers  P resen ted  
at the Symposium on the Chemis t ry  and Technology of Heterocycl ic  Compounds of Coal Tar  Resin [in 
Russian], Donetsk (1970), p. 92. 

87. E . S .  Domnina, G. G. Skvortsova, L. P. Makhno, and M. G. Voronkov, Summaries  of Papers  Presen ted  
at the Fourth  All-Union Colloquium on the Chemis t ry  and Pharmacology of Indole Compounds [in Russian], 
Kishinev (1975), p. 3. 

88. Yu. L. Frolov,  V. B. Mantsivoda, V. B. Modonov, S. N. Elovskii,  E. S. Domnina, and G. G. Skvortsova, 
Teor.  Eksp. Khim., 9, 238 (1973). 

89. R . S .  Mulliken, J.  Chem. Phys. ,  6-1, 20 (1964). 

933 


