
1= 

2. 
3. 

4. 

5. 

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

S. G. Agbalyan, G. V. Gr igoryan,  and A. A. Dzhaninyan, Khim. Geterots ik l .  Soodin., No. 8, 1079 (1974). 
E. Buchta and H. Schanberger ,  B e t . ,  92, 1363 (1959). 
S. G. Agbalyan, G. V. Gr igoryan,  A. A. Dzhaninyan, and K. G. Oganesyan, Arm. Khim. Zh., 27, 139 
(1974). 
H. Cromwel l  and K. E. Cook, J. Org. Chem.,  23, 1327 (1958). 
W. E. Pa rham,  K. B. Sboan, and J. B. Biasot t i ,  Te t rahedron ,  27, 5767 (1971). 

R E A C T I O N  O F  3 - M E R C A P T O I N D O L E  A N D  I T S  

E T H Y L  D E R I V A T I V E S  W I T H  A C E T Y L E N E  
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B .  V.  T r z h t s i n s k a y a ,  a n d  V .  K.  V o r o n o v  

UDC 547.752 

1-Vinyl-3-vinyl thioindole,  1-vinyl-3-e thyl th ioindole ,  and 1-ethyl-3-vinyl thioindole ,  respec t ive ly ,  
were  obtained by the reac t ion  of 3-mercapto indole ,  3-ethylthioindole,  and 1 -e thy l -3 -mercap to in -  
dole with acetylene.  3-Mercaptoindole  r eac t s  with acetylene in aqueous media  to give 3-v inyl -  
thioindole. The s t ruc tu res  of the vinyl der iva t ives  of 3-mercapte indole  obtained were  proved by 
means  of IR and PMR spec t roscopy  and the r e su l t s  of e l emen ta ry  analysis .  

Indole r eac t s  with acetylene under p r e s s u r e  in the p re sence  of an alkaline cata lys t  under r a t h e r  seve re  
t e m p e r a t u r e  conditions to give 1-vinylindole [1]. There  is no information in the l i t e ra tu re  regarding the syn-  
thes is  of vinyl der iva t ives  of 3-mercapte indole .  The introduction of an SH group in the 3 position of the indole 
molecule  leads to the development  of a new reac t ion  center  that is capable, together  with the imino group, of 
r eac t ion  with acetylene.  

We have found that the reac t ion  of acetylene with indoles I-III under the conditions of the vinylation of 
indole (at 220 deg C for 30 min) p roceeds  with pronounced res inif icat iom Vinyl der ivat ives  were  isolated in 
no g rea te r  than 3-5% amounts.  Lowering the reac t ion  t empera tu re  40 deg C made it possible to obtain 1-  
vinyl-3-vinyl thioindole  (IV) and 1-vinyl-3-ethyl thioindole  (V) in good yields  (up to 70%). A f~rther  d ec r ea se  in 
the reac t ion  t e mpe ra tu r e  to 150-160 deg C reduces  the yields of vinylthioindoles IV and V, respec t ive ly ,  to 35 
and 23%; the format ion  of the product  of the addition of one molecule  of acetylene  -3 -v iny l th io indo le  (VII) - 
is observed in the case  of 3-mercaptoindole .  We were  unable to obtain monovinyl der iva t ive  VII in high yield 
in dioxane. Vinyl sulfide VH was obtained in 60% yield in the reac t ion  of 3-mercapte indole  with acetylene in 
water  in the p re sence  of an equ imola r  amount of KOH. 

~ ~ $  R' CH~CII [ ~ S R '  
I I 

I-II1 IV-VII 

I R=R'=H; II R=C2Hs, R'=H; III R=H, R'=C=Hs; IV R=R'=CH,=CI-t2; 
V R=CH:Ctt2, R'=C2Hs; VI R=C2H~, R'=CH=CH,; VII R=H, R'=CH=CH2 

We assume  that, as in the case  of cycl ic  th ioamides ,  acetylene adds initially to the m o r e  nucleophilic 
sulfur atom in the vinylation of mercapte indole  I. Considerably mi lder  conditions than in the reac t ion  of indole 
with acetylene a r e  n e c e s s a r y  for this.  Evidence for this is also provided by the re la t ive  ease  of format ion  of 
1-e thyl-3-vinyl th io indole  (VI), the yield of which at 120 deg C reaches  60%. Due to its e l e c t r o n - a c c e p t e r  ef -  
fect ,  the vinylthio grouping formed in the case  of mercaptoindole  I in the 3 posit ion of the indole r ing promotes  
g rea t e r  polar izabi l i ty  of the N - H  bond, as a consequence of which the addition of a second molecule  of ace ty -  
lene to the ni t rogen atom occurs  under mi lder  conditions than addition to indole itself.  
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TABLE i .  Vinyl Derivat ives  of 3-Mercaptoindole 

Corn- 
pound 

IV 
V 

VI 
VII 

bp, ~ [ 
(1-2 mm)[. riD'~ 

130 I 1,6398 133 1,6120 
132 1,6182 
136 1,6551 

dF o 

1,0949 
1.0901 
1,0972 
1,1772 

Found, % Empir- 
ical 

c [ H s l formula 

71,8 [ 5,7 15,9 ICI~HuNS 
70,8 6,3 15,6 ]CI2H13NS 
70,5 6,3 15,6 [CnH,#S 
68,7 5,1 18,4 ]CIoHgNS 

I 
Calc., % I Yield, 

c [  H s '  1% 

68,5 ] 5,1 18,3 60 

TABLE 2. PMR Spectra  of Vinyl Derivat ives  of 3-Mercaptoindole 

\ N - - C = s  _$~C=C<HB ' 
"/ I "H a 'J I1^, 

H x H x, 

IV 4,7415,16 
V 4,7115,14 VI -- -- 

VII 

Chemical shifts, 5, ppm SpAn--spAn coupling constant 

u I 1 I =c 1 
7,13[ -- --I  --[7,43~2,7011,2317,08--7,79/8,60J 15,60 
-- ]5,00J4,7616,2817,1414,09 1,4516,88--7,70] -- ] -- 
--15,02]4,7816,3017,16l -- [ --]7,12 7,58 i --[ -- 

9,50[16,401 0 

92o11 ,oojo 
9,60116,601 0 

7,20 
]7,10 
i - -  

The use of d imethyl  sulfoxide (DMSO} and a -methylpyrro l idone  as the solvent in place of dioxane made 
i t  possible to lower the t empera tu re  of the synthesis  of IV and V to 120 dog C, and the yield as before  is 60-  
70% 

The chemical  shifts and s p i n - s p i n  coupling constants (SSCC) of the olefim protons in the PMR spec t ra  
of IV-VII a r e  cha rac te r i s t i c  for the vinyl groups attached to the sulfur and ni t rogen he te roa toms  [2]. The 
absorpt ion at 1590 cm -t in the IR spec t ra  of IV and VI and at 1642 cm -1 for IV and V consti tutes evidence for 
the p re sence  of vinyl  groups attached to the sulfur and ni t rogen atoms,  respect ively .  In addition, the absorp-  
t ion bands at 2530 and 3410 cm -1, which a re  re la ted  to the s t re tching vibrat ions of the S - H  and N - H  bonds 
of I-III, vanish in the spec t ra  of these compounds. 

As in the case  of the reduct ion of divinyl der iva t ives  of cycl ic  thioamides [4, 5], reduct ion  of only the 
vinylthio grouping is observed in the hydrogenation of th e divinylthioindole over  Raney nickel.  As a resu l t ,  
1-vinyl-3-ethyl thioindole  (V) is formed.  Its p roper t i e s  a re  in complete agreement  with the p roper t i e s  of V, 
obtained by d i r ec t  r eac t ion  of acetylene with HI. 

EXPERIMENTAL 

The IR spec t ra  of m i c r o l a y e r s  of the compound were  recorded  with a UR-20 spec t romete r .  The PMR 
spec t ra  of solutions of the compounds in CC14 were  r eco rded  with a BS-487-B spec t romete r  with hexamethyl -  
disilo~mne as the internal  standard. 

3-Mercaptoindole  (I). This compound, with mp 102-103 deg C (from water) ImP 103 deg C (CC14) [5]], 
was obtained in 60% yield by reac t ion  of indole with th iourea  in the p resence  of iodine [5]. 

1 -Ethyl -3-Mercapte indole  (II). A solution of 7.62 g of I2 and 7.5 g of KI in 10 ml of water  was added 
dropwise in a s t r eam of ni t rogen at  20 deg C to a mix ture  of 4.32 g (30 mmole) of 1-ethylindole [6] and 2.28 g 
(30 mmole) of th iourea  in 75 ml of methanol,  and the mixture  was heated at  50-55 deg C for 3 h, af te r  which 
the alcohol was removed  by distil lation. The c rys ta l l ine  precipi ta te  was washed repeatedly  with e ther ,  and the 
e ther  was decanted away f rom the precipi tate .  A total  of 100 ml  of 4 N NaOH was added to the precipi ta te ,  and 
this  mixture  was heated at  95-96 deg C for  10 min. The resul t ing smal l  amount of bis (1-ethyl-3- indolyl)  d i -  
sulfide was separated,  and the alkaline solution was acidified with acet ic  acid. The l iberated thioindole II was 
ext rac ted  with chloroform.  Vacumn dist i l la t ion gave 2.7 g (51% of mercaptoindole  II with bp 136-137 deg C 
(3 mn~ and n~ 1.6245. IR spectrum: 2530 (SH); 2870, 2935, and 2980 cm -1 (CHzCH3). Found: C 67.7; H 6.0; 
S 18.0%. C10HllNS. Calculated: C 68.0; H 6.2; S 18.0%. 

3-Ethylthioindole (III). Ethyl iodide was added to a mix ture  of 7.45 g (50 mmole) of mercaptoindole  I 
and 20.7 g (150 mmole) of anhydrous K2CO8 in 50 ml of absolute acetone,  and the mix ture  was s t i r r ed  at  room 
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tempera ture  for 4 h. It was then fil tered, and the solvent was removed from the fil trate by vacuum distiUa- 
tiom The residue was chromatographed with a column filled with A1203 (elution with CHC13) to give 8.85 g 
(56.5%) of thioindole HI with n~ 1.6300. IR spectrum: 3410 (NH); 2870, 2935, and 2980 cm -1 (CH2CH3). Found: 
C 67.2; H 6.1; S 17.7%. C10HllNS. Calculated: C 67.7; H 6.2; S 18.0%. 

l_-Vinyl-3,vinylthioindole (IV). An autoclave was charged with 6 g (40 mmole) of mercapteindole I, 1.8 
g (4.5 mmole) of KOH, and 100 ml of'dioxane, acetylene was fed in at an initial pressure  of 15 gage atm, and 
the reaction mixture was heated at 180 deg C for 1 h. The solvent was removed by distillation, and the r e s i -  
due was vacuum distilled to give 5.6 g (700/0) of diviaylthioindole IV. 

1-Vinyl-3-ethylthioindole (V). A) This compound was obtained from 3.5 g (20 mmole) of 3-ethylthioindole 
III and' 1.05 g (20 mmole) of KOH in-50 ml of dioxane, as in the preceding experiment. The yield was 2.8 g 
(70%). 

B) Vinylthioindole IV was reduced in the presence of Raney nickel [4], the alcohol was removed by dis-  
tillation, and the resulting V was vacuum distilled. The constants of vinylthio derivative V obtained by meth- 
ods A and B were identical. The yields were also close. 

1-Ethyl-3-vinylthioindole (VI). An autoclave was charged with 3.5 g (20 mmole) of mercaptoindole II 
and 1.05 g (20 mmole) of KOH in 50 ml of dioxane, acetylene was fed in at an initial p ressure  of 15 gage arm, 
and the m ~ e  was heated to 120 deg C and maintained at this temperature  for 30 mira Vacuum distillation 
gave 2.4 g (60%) of VI with bp 132 deg C (1-2 ram). 

3-Vinylthioindole (VII). A mixture of 6.0 g (40 mmole) of mercaptoindole I, 120 ml of water, and 4.5 g 
(80 mmole) of KOH was saturated with acetylene in an autoclave (0.5 liter). The autoclave was heated at 120 
deg C for 1 h, after which the contents were distilled in vacuo to give 4.3 g (60%) of 3-vinylthioindole VII, 
which was a crystall izable liquid with mp 37 deg C. 
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