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1- ( 3-Indo lyl ) -2-n i t roe thane th io l  and bis  [1- ( 3-indolyl  ) -2-n i t roe thyl ]  sulfide were  obtained by 
the reac t ion  of nitrovinylindole with hydrogen sulfide~ The thiol was oxidized to the c o r r e -  
sponding disulfide. S imi lar  t r an s fo rma t ions  were  accompl ished  for  1 - a c e t y l -  and 1 - ( c h l o r o -  
acetyl  ) nitrovinylindo le s. 

The b a s e - c a t a l y z e d  addition of hydrogen sulfide to compounds with an ac t ivated double bond, p a r t i c u -  
la r ly  ni trovinyl  compounds,  is used for  the introduction of sulfur  into the f l -posi t ion with r e s p e c t  to the a c -  
t ivat ing group [2-4]. The thiol is capable of reac t ing  with a second molecule  of unsa tura ted  compound to 
fo rm a sulfide [5]. 

In a study of the reac t ion  of hydrogen sulfide with ni trovinylindole ( Ia)  in the p r e sence  of cata lyt ic  
amounts  of t r i e thy lamine ,  we also obse rved  the fo rmat ion  of thiol IIa  and sulfide Il ia.  
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The reac t ion  with concentra ted solut ions of the s t a r t ing  m a t e r i a l s  in d ime thy l fo rmamide  leads to su l -  
fide IIIa containing only a smal l  admixture  of thiol IIa. The f i r s t  s tep of the reac t ion  is r e v e r s i b l e ,  and the 
r emova l  of  hydrogen sulfide by bubbling argon through the mix tu re  t he re fo re  leads to complete  convers ion  
of thiol IIa  to Ia,  which was conver ted to 

RC~I|=CHNO 2 + NaHSO 3 ~ RCHCH2NO, ~ 
I 
$O 3 Na 

V 

sulfonate u [6], which is quite soluble in wa te r .  Pure  sulfide IIIa was synthes ized  via this route .  

Thiol IIa could not be p r e p a r e d  by separa t ion  of a mix tu re  of it with the sulfide. Rais ing the hydrogen 
sulfide concentrat ion up to the point of using liquid hydrogen su l f ide t  did not make it poss ib le  to obtain the 

* See [1] for  communica t ion  LXXI. 
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TABLE 1. IR Spectra 

Compound 

IIIa 
IVa 
IIb 

IIIb 
IIIb* 
IVb 
IVb* 

NH 

3440 
3420 

Frequencies, cm -1 (in mineral oij~ 
SH CO 

2~o 1690 
1697 
1712 
1694 
1714 

NO2 

1566, 1346 
1560, 1344 
1558, 1335 
1566, 1337 
1565, 1335 
1560, 1334 
1565, 1335 

CH (a tom)  

755 
756 
771,762 
774, 760 

773. 762 

* In chloroform.  

TABLE 2. PMR Spectra 

Chemical shifts, ppm (No. of protons) a 

Compound Indole ring 
COCH3 CH--CH2 pro tons  NH 

IIta 
IIIb 
IVa 
IVb 

2,40 s (6) 

2,55 s (6) 

4,40--430 m (6) 650--8,20 rn 
4,79 s (6) 7,00--8,40 m 
4,50--4,77 m(6)b  6,75--8,10 m 
4,81 s (6)c 6,90--8,40 m 

8,07 (2) 

8,06 (2) 

as is singlet,  and m is multiplet. 
bABC sys tem.  
CABM system.  

thiol without sulfide contamination. However, when dilute solutions of nitrovinylindole in methanol were  
used, it was possible to control  the course  of the react ion and stop it by neutral izat ion of the catalyst ,  t he r e -  
by not permit t ing the format ion of the sulfide. Thiol IIa obtained by this method was isolated as the disul-  
fide (IVa).  

Thiol IIa and sulfide IIIa are  ext remely  unstable, and this in t e r fe reswi th the i r  purification. Acetylated 
products  IIb and IIlb are  more  stable. The introduction of an acetyl  or,  especial ly,  a chloroacetyl  group 
considerably faci l i tates the addition of hydrogen sulfide, but the convers ion of thiols IIb,c to sulfides IIIb,c 
is also accelera ted ,  so that, under comparable  conditions, the chief products  are  sulfides. E lec t ron-donor  
groups apparently cause an increase  in the electrophil ici ty of the double bond in Ib,c and also facil i tate the 
convers ion of thiols IIb,e to anions. Never theless ,  thiol IIb can be obtained when sufficiently dilute solutions 
in methanol or  ethanol are  used. 

The course  of the t ransformat ions  and the mixture composit ions in all s tages were  monitored by 
means of th in - layer  chromatography on a fixed layer  of silufol UV254 si l ical  gel. A b e n z e n e - a c e t o n e  mix-  
ture (9 : 1 ) was used for the elution. The substances were  detected af ter  spraying with 10% phosphomolyb-  
die acid in alcohol with subsequent heating at 110 deg. The thiols gave a charac te r i s t i c  rose  coloration with 
sodium ni t ropruss ide ,  while the disulfides gave a violet coloration on success ive  t rea tment  with potass ium 
cyanide and sodium ni t ropruss ide  solutions. This method also made it possible to show the presence  of 
thiol IIc (Rf 0.63 ) and sulfide IIIc (Rf 0.45) in the products  of the convers ion of Ic without isolating them. 

The synthesized sulfides, disulfides, and thiols have superimposable  UV spec t ra  (in CHCI 3) kmax, nm 
( e ) :  274 (4o09-4o12) and 279 (4.08) for IIIa and IVa; 293 (4.15-4.17) and 301-302 (4.17-4.19) for IIb, In-b, 
and IVb. The IR and PMR spect ra  are  also very s imi la r  (Tables 1 and 2). 

EXPERIMENTAL 

The PMR spect ra  of 8-10% solutions in deuterochloroform were  obtained with a JNM-4H-100 spec-  
t r o m e t e r  with te t ramethyls i lane  as the internal standard.  The IR spect ra  were obtained with a UR-10 
spec t romete r ,  and the UV spect ra  were recorded  with an EPS-3 spect rophotometer .  

1-[1-(  Chloroacetyl) -3- ind01yl]-2-ni t roethylene (Ic) .  A solution of 8.47 g ( 0.075 mole ) of ch loroace-  
tyl chloride in 40 ml of acetone was added to a solution of 9.4 g (0.05 mole)  of Ia and 9.1 g (0.09 mole)  of 
t r ie thylamine in 100 ml of acetone at 5 deg. After 30 rain, the mixture was poured into a mixture of 200 ml 
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of water  and 200 g of ice, This mixture was s t i r r ed  for  1 h and fi l tered.  The solid residue was washed with 
ice water ,  dried in a i r ,  and ree rys ta l l i zed  f rom 210 ml of acetone to give 9.96 g (75%) of yellow crys ta l s  
with mp 191-191.6 deg and Rf 0.70. Found: C 54.6; H 3.4; C1 13.2; N 10.5%. C12HaC1N203. Calculated: C 
54.4; tI 3.4; C1 13.4; N 10.6%. 

Bis[1-(3- ind01yl)-2-ni t roethyl]  Sulfide (IIIa) .  Tr ie thylamine (0.1 g) was added at 0 deg to a solution 
of 28.5 g (0.84 mole)  of hydrogen sulfide in 300 ml of distilled dimethylformamide,  and a solution of 16 g 
(0.085 mole)  of Ia in 140 ml of dimethylformamide was then added dropwise in the course  of 30 rain. Cool- 
ing was discontinued af ter  15 min, and a s t r eam of argon was passed through the react ion mixture until it 
no longer gave a positive react ion for hydrogen sulfide and thiol (Rf 0.42 ). The solution was poured into 3 
l i ters  of water  containing ice, and the mixture was extracted with ethyl acetate or  ether .  The ext rac t  was 
dried with magnesium sulfate and evaporated in vacuo. The residue was dissolved in the minimum amount 
of methanol, and a saturated aqueous solution of 30 g of sodium metabisulfi te was added dropwise to this 
solution. After 1-2 h, the mixture was poured into 1 l i ter  of water ,  and a i r  dried. Reerysta l l iza t ion f rom 
ether  gave 13.3 g (76%) of a l i gh t - c r eam-co lo red  powder with mp 91 deg (dec.)  and Rf 0.21. Found: C 58.9; 
H 4.3; N 13.6; S 8.2%. C20HIsN404S. Calculated: C 58.5; H 4.4; N 13.6; S 7.73%. 

Bis [1- (3- indoly l ) -2-n i t roe thyl ]  Disulfide (IVa).  A) A solution of 1 g (0.0053 mole)  of Ia in 300 ml 
of methanol was saturated at 0 deg with hydrogen sulfide, 0.1 g of t r ie thylamine was added, and hydrogen 
sulfide passage through the mixture was continued. After 20-30 rain, at the moment of maximum thiol con- 
tent, the react ion was stopped, and the catalyst  was neutral ized with dilute hydrochlor ic  acid (to pH 6.8-7.5) .  
Argon was passed through the mixture until it no longer gave a positive react ion for  hydrogen sulfide, and 4 
g of f e r r i c  chloride was added. The mixture was poured into 2 l i ters  of water ,  and the yellow precipitate 
was removed by filtration, washed with water ,  a i r  dried, and worked up as descr ibed for Ilia to give 0.98 g 
(85%) of a l i gh t - c ream-co lo red  powder with mp 87 deg (dec.)  and Rf 0.23. Found: C 54.0; H 4.3; N 12.8; 
S 14.2%. C20H18N404S2 . Calculated: C 54.3; H 4.1; N 12.7; S 14.5%. 

B) A solution of i g (0.0053 mole)  of Ia in 20 ml of te t rahydrofuran  and 0.1 g of t r ie thylamine was 
placed in a 100 ml s tainless  steel  ampul. The ampul was cooled to -79 deg in liquid nitrogen, and 20 ml of 
liquid hydrogen sulfide was poured in. The sealed ampul was held at 0 deg for  1 h, cooled again, and the 
catalyst  was neutral ized with dilute hydrochlor ic  acid. The excess  hydrogen sulfide was removed in a 
s t r eam of nitrogen, and the solvent was removed by vacuum distillation. The mixture was then worked up 
as descr ibed for  IIIa to give 0.97 g (85%) of l i gh t - c ream-co lo red  powdered IVa containing IIIa. 

Bis[1- (1-acetyl-3- indolyl) -2-ni t roethyl]  Sulfide (IIIb).  A solution of 6 g (0.026 mole)  of IIa in 380 
ml of te t rahydrofuran was sa turated with hydrogen sulfide at 0 deg, 0.1 g of t r ie thylamine was added, and 
hydrogen sulfide was passed through the mixture until the conversion of IIa was complete (~1 h).  The mix-  
ture was neutral ized with dilute hydrochlor ic  acid, and the precipitate of t r ie thylamine hydrochloride was 
removed by filtration. The fi l t rate was vacuum evaporated,  and the residue was extracted with hot methanol. 
The insoluble portion was rec rys ta l l i zed  f rom 165 ml of chloroform and 105 ml of cyelohexane to give 2.76 
g (64%) of color less  c rys ta l s  with mp 183-184 deg and Rf 0.34. Found: C 58.1; H4.4 ;  N 11.6; S 6.6%. C24- 
I-I22N406S. Calculated: C 58.3; H 4.5; N 11.3; S 6.5%. 

1- (1-Acety l -3- indoly l ) -2-n i t roe thaneth io l  (IIb).  The methanol ext rac t  f rom the prepara t ion of IIIb 
was evaporated to dryness ,  the residue was extracted with methanol, and the ext rac t  was evaporated.  The 
residue was rec rys ta l l i zed  f rom methanol to give 1.2 g (17%) of color less  c rys ta l s  with Rf 0.53. Found: C 
54.3; H 4.7; N 10.7; S Ii.7%. Ci2HI2N203S. Calculated: C 54.5; H 4.6; N 10.6; S 12.1%. 

Bis[1- (1-acetyl-3-indolyl)-2-nitroethyl] Disulfide (IVb). The methanol extract from the preparation 
of IIIb was concentrated, 3 g of ferric chloride was added, and the solution was heated to the boiling point. 
The resulting precipitate was filtered, washed with water and methanol, recrystallized from chloroform, and 
dried in vaeuo over calcium chloride and paraffin to give 1.6 g (32%) of colorless crystals with mp 140 deg 
and Rf 0.41. Found: C 50.0; H 4.0; N 9.3; S 10.8; CI 8.7%~ 2C24H22N406S2.CHCI 3. Calculated: C 50.2; H 3.9; 
N 9.5; S 10.9; CI 9.1%. 
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