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Nine new N-(thioalkyl) ehtylindoles and imidazoles  were synthesized.  Analysis of the PMR spectra  of these 
compounds showed that, in the presence  of radical  act ivators ,  mercap tans  are mainly added to N-vinyl-  
indole and to N-vinyl imidazoles  cont rary  to Markovikov rule.  Under the influence of cathionic catalysts ,  N- 
vinyl imidazole  reac ts  in accordance with that rule.  N-viayl indole po lymer izes  under  these conditions, but 
N-vinylbenzoimidazole  in general  does not react .  

Litt le information is to be found in the l i t e ra tu re  [1, 2] on the sulfur izat ion of N-vinyl ni t rogen heterocycles .  It 
deals  mainly  with th ioder ivat ives  of N-vinylcarbazole  and points out to the possibi l i ty  of obtaining, in analogy with it, 
products  containing sulfur  from N-vinylpyr ro le  and N-vinylindole.  The addition of mercaptans  to unsatura ted 
compounds through ionic mechan i sm usual ly  proceeds according to Markovnikov rule,  but cont ra ry  to it when radical  
mechan i sms  are employed [3, 4]. 

This paper deals  with the study of the react ion of various mercap tans  with N-vinylindole (I), N-vinyl imidazole  
(II), and N-vinylbenzoimidazole  (III). 

This react ion was studied taking as examples the react ions of I - I I I  with ethyl- ,  propyl- ,  isopropyl- ,  n-butyl ,  and 
t e r t i a ry -bu ty l  mercap tans  (IV-VIII), under the conditions of f r ee - rad ica l  activation at 70-80 ~ C, and in the presence  
of d in i t ry lazoisobutyr ic  acid (DINIIS). By sulfur izing I for 18 hr, the yield of sulfurized products attained 77%, and 
diminished to one- th i rd  as much due to appreciable res in i f ica t ion  when the heating lasted 24 hr. In the absence of the 
activator,  the addition of mercaptans  to I at 80 ~ C did not take place, and the ini t ial  components were fully recovered.  

In the p resence  of DINIIS, II reacted ve ry  eas i ly  after 18 hr  at 70 ~ C with IV, V, and VII. The sulfur izing of III 
under  s imi l a r  conditions proceeded with a lower yield (38%) of react ion products  when compared with II (94%). When 
the t empera tu re  was ra i sed  to 80 ~ C and was kept at this level  for 50 hr,  the yield of N-(thioethyl)ethylbenzomidazole 
(XVI) increased  to 51%. The table p resen t s  the p roper t i es  of the synthesized compounds. 

We p re sume  that the sulfur izing react ion of I-III ,  in analog3, with N-vinylcarbazole  [1, 2] and under  the conditions 
of radical  activation, forms  N-(fl- thioalkyl)ethylindoles (IX-XI) and N-(f l - thioalkyl)ethyl imidazoles  (XII, XIV-XVII) 
according to the following scheme: 

+ R S H  ~ " 

C H 2 - - C H 2 - - S R  
X V I , X V I I  

Fur the rmore ,  the possibi l i ty  that the react ion may follow Markovnikov rule cannot be excluded. Thus, we observed a 
somewhat anomalous react ion of I with mercaptans .  By modifying the t empera tu re  conditions during the react ion,  a 
mix ture  of both ~-  and f i -addit ion compounds was obtained: 

~ + R S H  DINIIS~ + ~ 

CH=CH 2 CH2--CH2--SR R--S~cH--CH 3 IX 
The s t ruc ture  of the sulfur ized compounds obtained from I - I I I  was c lear ly  proved by the proton magnetic  

resonance  method. It was easy to identify the spect ra  obtained from IX, XII, XIII, and XVI. The signal of the 
subst i tuent  at the ni t rogen atom of N-(fl- thioethyl)ethylindole (IX) may be represen ted  by four mult iplets ,  amongwhich 
three t r ip le t s  (1.00; 2.57; 3.96 ppm) and a quar te t  (2.14ppm). A s i m i l a r  p ic ture  exhibited the spect rum of N-(fi-  
thioethyI)ethylimidazole (XII) (1.08 ; 2.71; 4.01; and 2.33 ppm), as shown in the figure. The integral  in tensi t ies  of the 
resonance  l ines of the mult iple ts  were in the rat io 3 : 2 : 2 : 2, respect ively,  and the sp in-sp in  constant  of the 
in terac t ion  J of the protons of the corresponding nonequivalent  groups was equal to 7 cps. Consequently, to compounds 
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IX and XII may be assigned the s t ruc ture  of the f l -addit ion product, in which the subst i tuent  at the ni t rogen atom is the 
--CHf--CH2--S--CHz-CH3 group. Then the t r ip le t  at the strong field (1.08 ppm) belongs to the methyl group protons, 
and the quartet  to the protons of the methylene group of the ethyl residue.  Considering the significance of the chemical  
shift of the signal of the methylene group protons linked to the sulfur  atom [6], as well as the 5 signal of the CH 2 group 
protons in the PMR spec t rum of ethylimidazole (3.88 ppm), the t r ip le t  with fi = 2.71 ppm should be assigned to protons 
of the CH2 group linked to the sulfur  atom, and the t r ip le t  with 5 = 4.01 ppm to the protons of the CH 2 group attachedto 
the ni t rogen atom. 

1 

,V-CH 2 .CH2-S- -S-CH 2 -CHI 

-CH- -CH2- CH~- -CH 1 

5 4 3 2 1 0 8,  p p m  

PMR Spectra: 1)- N-(fl- thioethyl)ethylimidazole;  
2)- N- (~-thioethyl)ethyl imidaz ole. 

An analysis  of the PMR spect rum of N-(f i- thioethyl)ethylbenzoimidazole (XVI) showed that, s imi l a r ly  to the 
spec t rum of XII, it consisted of three resonance  band t r ip le t s  (0.94;2.62;4.01 ppm) and a quar te t  (2.15 ppm). Taking 
into account the integral  in tens i t ies  of the signals and J = 7 cps, to the subst i tuent  at the ni t rogen atom in compound 
XVI should also be assigned a fl-structure.--CH2--CHz--S--CHz---CH 3. The c~-addition products of mercap tans  to I - I I I  
were not individually isolated, although separa te ' f r ac t ions  obtained during the sulfur izing of I in the presence  of 
DIhTIIS did significantly differ in the i r  physical constants .  Their  PMR spectra  were complex, r ich  in numerous  l ines ,  
and the i r  decipher ing was difficult. Yet the presence  of o~-addition products was confirmed by the react ion with 
alcoholic mercu r i c  chloride and by the acidity which developed in this  medium (38-8570). As is known, when the 
react ion proceeds cont rary  to Markovnikov rule,  the f l-addit ion products  should not react  with m e r c u r i c  chloride 
according to the following scheme [3, 5]: 

-~+ + - -  ~ + + . c t  HgCI 2 C2HsOH CIffgSR 

I I 
CH~ - -  CF,- -S R CH3--CH--OC2H 5 

XVlll 

The constants  of compound XVIII, which was separated by ether  extract ion from the reac t ion  mixture,  agreed with 
those of N-(~-ethoxy)ethylindole,  synthesized by the in teract ion of I with ethanol [6]. The Pf value of XVIII, obtained 
by var ious  methods, had the same magnitude (0.57) in the system hexane-benzene  (3 : 2). The e lementa ry  composit ion 
of the precipi ta te  which separated out confirmed the formation of chloromercur ic th io la te  and not the thioderivat ive of 
complex I with mercu r i c  chloride. Fur the rmore ,  the individual f i-addit ion product of e thylmercaptan  to I, when 
react ing with alcoholic m e r c u r i c  chloride, imparted a neutral  react ion to the medium, and this dis t inguished it from 
the mixture  under  study. 

The m e r c u r i c  chloride method proved unsui table  to detect the presence  of c~-additio~{ products  when sulfur iz ing 
II and III. S imi lar ly  to the init ial  II and III, the products  of their  in terac t ion  with mercap tans  easi ly  formed white 
prec ip i ta tes  with alcoholic mercu r i c  chloride, but exhibited a neutral  react ion.  Presumably  this is due to the great  
activity of compounds of the imidazole se r i e s  in forming complexes.  

As a result of these experiments, a peculiar tendency was observed in the sulfurization of I-III according to an 

ionie mechanism. Thus, benzoderivatives of N-vinylpyrrole and of N-vinylimidazole, in the presence of SO 2 or of p- 
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toluenesulfonic acid, do not in general  add ethylmercaptan,  in spite of var ia t ions  in t empera tu re  from 0-70 ~ C. The 
f i rs t  one is converted to p e n t a - a n d h e x a m e r s  0fI,  andthe second is recovered  unchanged when the react ion mixture  is 
dis t i l led.  

It is  in te res t ing  that, among all the N-vinyl  compounds (I-III)  studied, only N-vinyl imidazole  (II) proved capable 
of adding mercap tans  under  the influence of an ionic catalyst .  The addition of e thylmercaptan  to II took place at 80 ~ C 
in the presence  of SO2 or of p- toluenesulfonic  acid, to form N-(a- th ioethyl)e thyl imidazole  (XIII) according to the 
following scheme: 

CB~CH~ 

The s t ruc ture  of this c~-addition product was convincingly shown by its PMR spect rum which contained four resonance 
bands: t r ip le t  (0.93 ppm), doublet (1.51 ppm) and two quar te ts  (2.13 and 5.36 ppm). The rat io of the sums of the signal 
in tens i t ies  was 3 : 3 : 2 : 1, and J = 7 cps. Such a type of spec t ra  indicates  that the subst i tuent  at the ni t rogen atom in 
compound XIII has the CH3---CH--S--:CHF-CH3 s t ruc ture .  

Obviously, the t r ip le t  belongs to the methyl protons in the ethyl residue;  the quar te t  with 5 = 2.13 ppm, to the 
CH 2 protons;  and the doublet should be at t r ibuted to the second methyl group. Finally,  the quar te t  with 6 = 5.36 ppm 
charac ter ized  the proton associated with the t e r t i a ry  carbon atom. The difference between the PMR-spec t ra  of the a -  
and the f l-addit ion products of e thylmercaptans  to II may be dis t inct ly  seen in the figure. 

Thus, it was exper imenta l ly  shown that, under  the influence of radica l  act ivators ,  the addition of mercap tans  to 
N-vinyl  der iva t ives  of indole and imidazole  proceeds  chiefly con t ra ry  to Markovnikov rule,  in agreement  with the 
l i t e r a tu re  data [1,4]. 

The identification of all  the products  obtained in the sul fur iz ing of I - I I I  was confirmed by th in - layer  
chromatography on a luminum oxide (activity II according to Brockmann).  The Rf  values are p resen t  in the table. All 
the th ioder ivat ives  of I - I I I  were oily l iquids heavier  than water.  Unlike the products  of the react ion of mercap tans  with 
s imple  vinyI e thers ,  N-(thioalkyl)ethylindoles,  - imidazo les ,  and -benzoimidazoles  did not hydrolyze when boiled with 
50% sulfuric  acid, probably on account of the i r  great  stabil i ty.  

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

In this  r e s e a r c h  we employed f resh ly -d i s t i l l ed  I - I I I ,  with bp., ~ (mm), and n~  : I- 70 (1); 1.6330; I I -80  (10); 
1.5330; I I I -124 (3); 1.6220. Ethyl- and i sopropylmercap tans  IV and VI were obtained by the genera l  synthetic method 
through S-aIkylthiouronic sal ts  [8]. 

Reaction of N-vinylindole(I) with e thylmercaptan  (IV). Into an ampul containing 2.2 g (~1.5 mM) of I and while 
cooling, 1 g (~16 mM) of IV and 0.015 g of DINIIS twice rec rys ta l l i zed  ex methanol were added. Nitrogen was bubbled 
through the cooled ampul, which was then sealed and placed for 18 hr  in a the rmos ta t  at 70 • 0.2 ~ C. Upon dis t i l la t ion 
under  vacuum, 2.28 g (72%) of N-(fl- thioethyl)ethylindole (IX) was obtained. Bp 170-172 ~ C (7 mm); d~ ~ 1.0897; n ~  

1.6020. 

S imi lar ly  from 2.2 g of I, 1 g of IV and 0.015 g of DINIIS at 80 ~ C during 18 hr, 0.9 g of product was obtained. 
Bp 135-138 ~ C (1 mm); d 2~ 1.0819; n ~  1.6030. 

X and XI were synthesized following a s i m i l a r  process .  Thei r  proper t ies  may be found in the table. 

Reaction of N-(thioethyl)ethylindole with mercur i c  chloride.  To 0.2 g of the ethylthioderivat ive I (obtained at 
80 ~ C for 18 hr) in an E r l enmeye r  flask, 1 ml of 20% alcoholic m e r c u r i c  chloride was added. A white precipi ta te  of 
e thy lmercur icch lor ide  was formed at once. Methyl orange was added to the react ion mixture ,  followed by t itration 
with 0.1 NaOH. The acidity of the medium was 42 ~o of the theoret ical .  This  react ion proceeded s imi l a r ly  with X and 
XI. 

Sulfurization of N-vinyl indole  (I) in the presence  of SO 2. 1.23 g (~8.5 raM)of IV were placed in an ampul. The 
react ion mixture  was cooled by dry ice and acetone, then compressed  ni t rogen was bubbled through it, followed by 
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SO2 during 2 rain. After 48 hr,  the react ion products were dissolved in 3 ml acetone and precipi ta ted with 50 ml 
absolute ethanol. The white precipi ta te  formed was separated by centr ifuging and dried under  vacuum to constant 
weight. 1.07 g (87%) of a white powder of polyvinylindole was obtained, mp 180-186 ~ C. Found, %: N 9.45. Calculated 
for (CIoHgN)n, %: N 9.78. 

Synthesis of N-(f l - thiobutyl)ethyl imidazole (XV). F rom 2.24 g (~18 mM) of II, 1.98 g (22 mM) of VII and 0.2 g of 
DINIIS, after 18 hr at 70 • 0.2 ~ C, 3.02 g of XV was obtained. Colorless  liquid, bp 159 ~ C (2 mm), n~  1.5218. 

In a s im i l a r  way were obtained XII, XIV-XVII. The table p resen t s  the constants  of the compounds synthesized in 
the presence  of DINIIS. 

N-(a- th ioethyl)e thyl imidazole  (XIII). SO 2 was bubbled under  cooling through a mixture  of 2.37 g (~20 mM) of II 
and 1.5 g (~24 mM) of e thylmercaptan.  The mixture  was then kept at 80 ~ C for 18 hr. 2.38 g (61%) of N-(a- th ioethyl ) -  
e thyl imidazole was separated by vacuum dist i l lat ion.  Bp 113-114 ~ C (4 mm); d42~ 1.0766; n~  1.5270. 

Attempt to hydrolyze N-(f l- thioisopropyl)ethylindole (X). 0.22 g of IX was placed in an 100-ml ampul together 
with 25 ml of 5% H2SO 4. After heating in a thermosta t  at 100 ~ C for 30 hr,  the quali tat ive reac t ion  with 2, 4- 
d ini t rophenylhydrazine  on the hydrolysis  products proved negative. The substance extracted with ether  from the 
react ion mixture ,  after d is t i l l ing  of the solvent, had the same constants  as the ini t ial  X, bp, 158-160 ~ C (2 mm); 
n~  1.5864. 
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