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Benzylthio(skatyl)malonic es te r  has been synthesized by the condensation of gramine  in toluene or its 
methiodide in ethanol with benzyl thiomalonic  es ter ,  and this has been converted by monodecarboxylat ion 
and debenzylat ion with sodium in liquid ammonia  into DL-a -mercap to - f i - ( indo l -3 -y l )p rop ion ic  acid [fi-(3- 
indol-yl) thiolact ic  acid]. DL-a -Benzy lmercap to - f l - ( indo l -3 -y l )p rop ion ic  acid has also been obtained f rom 
methyl DL-a -b romo- f l - ( indo l -3 -y l )p rop iona te  and benzyl  mercaptan .  Alkaline hydrolysis  of S-[f i -( indol-3-  
y I ) -a -methoxycarbonylmethyl ] th iouronium bromide  has led to r ing  closure  with the format ion of 5- 
skatyl th iazol id ine-2 ,4-dione.  

The study of the chemotherapeut ic  proper t ies  of some su l fur -conta in ing  indole der ivat ives  [2, 3] has shown that 
many of them possess  tuberculos ta t ic  activity. In view of this, it  appeared of i n t e r e s t  to synthesize DL-f i - ( indol -3-y l ) -  
~-mercap topropion ic  acid ( indol-3-yl thiolact ic  acid) (VII). 

The synthesis  of VII was ca r r i ed  out by condensing gramine  (I) or i ts  methiodide (II) with benzyl thiomalonic  
es te r .  The la t te r  was obtained f rom bromomalonic  e s t e r  and benzyl  mercap tan  in an alkaline medium. 
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When the condensat ion of I with benzyl thiomalonic es te r  was ca r r i ed  out in absolute xylene,  marked 
res in i f ica t ion  of the reac tan t s  took place and the reac t ion  mixture  gave, in addition to the expected 
benzylthio(skatyl)malonic es te r  (IV), a 15% yield of benzyl skatyl sulfide (III). The reac t ion  between I and 
benzyl thiomalonic  e s t e r  in absolute toluene led to the format ion of IV with a yield of 24%. The react ion of II with 
benzyl thiomalonic  es te r  in absolute ethanol led to s imi l a r  resu l t s .  

The hydrolysis  of the es te r  IV was effected with an aqueous ethanolic solution of caustic potas h. It was nece s sa ry  
to acidify the alkaline solution with 15% formic  acid us ing vigorous cooling. The use of mine ra l  acids led to the 
spl i t t ing off of benzyl  mercap tan  and to the res in i f ica t ion  of the reac t ion  products .  Even acidif icat ion with 15% formic  
acid was accompanied by the par t ia l  spl i t t ing off of benzyl  mercaptan .  The process  of hydrolysis  was accompanied by 
the s imul taneous  monodecarboxylat ion of the benzyl thio(skatyl)malonic acid (V) with the format ion  of the acid VI. The 
la t ter  was also obtained f rom methyl DL-a -b romo- f i - ( indo l -3 -y l )p rop iona te  (VIII) and benzyl mercaptan.  The benzyl 

*For  par t  XLVIII, see [1]. 
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protect ion was removed by the action of sodium in liquid ammonia .  

RCH2~HCOOCH 3 
Br 
vi i i  

S--C --NH 2, H 8r $ CH 2 C6H s 

X NH IX 

1 l;:, V.ooo. 
O = C ~ N H  V! 

t t  

Attempts to obtain DL-(~-mercapto-f l - ( indol-3-yl )propionic  acid by the alkaline hydrolysis  of the corresponding 
S- iso th iourea  01) did not lead to the des i red  resu l t ,  s ince in an alkal ine medium, and also on boiling in  aqueous 
soIution, compound X is  converted into 5-skatyl th iazol id ine-2 ,5-dione (XI). 

EXPERIMENTAL 

The IR spec t ra  of the compounds obtained were recorded on a UR-10 in s t rumen t  in the form of mul ls  in paraffin 
oil {for c rys ta l l ine  compounds) or in the form of liquid f i lms (for compounds exis t ing as oils). 

Benzyl thiomalonle  ester~ The sodium benzyl  sulfide obtained f rom 18.7 g (0.151 mole) of benzyI mercap tan  and 
8.15 g (0.151 mole) of sodium methoxide in 80 ml of absolute methanol was added to 36 g (0.151 mole) of b romomalonic  
es te r  in 80 ml  of methanol in a cu r r en t  of n i t rogen which had been passed through a solution of pyrogallol.  The mixture  
was boiled in a cu r r en t  of n i t rogen for 6 hr, cooled, and poured into 400 ml of water,  and the product was extracted 
with ether.  The ext rac ts  were washed with water and dried with MgSOd, the solvent  was dist i l led off under  reduced 
p r e s su re ,  and the res idue  was d is t i l led  in vacuo. Yield 26 g (61%). Bp 148-153 ~ C (1.5 ram). Mp 60-62 ~ C (from 
ethanoI). IR spec t rum,  cm- l :  1745 (C~---O); 1255 (C--O--C) ;  770, 700 (C--H bonds in a mon0subst i tuted benzene ring).  
Found, %: C 59.71; H 6.29; S 11.21%. Calculated for C14H1804S, %: C 59.60; H 6.37; S 11.35~. 

Benzyl skatyl sulfide (III). A mixture  of 2.6 g (0.015 mole) of gramine,  4.23 g (0.015 mole) of benzyl thiomalonic 
es ter ,  0.04 g of sodium, and 50 ml  of absolute xylene was boiled in a cu r r en t  of n i t rogen until  the evolution of 
d imethylamine  had completely ceased (20 hr). The precipi ta te  was f i t tered off, and the solvent  was dist i l led off in 
vacuo. The res idua l  oil was chromatograpbed on a column of alumina,  the product  being eluted with an e t h e r -  
pe t ro leum ether  mix ture  (1 : 1). Yield 0.5 g (15%). Mp 70-71 ~ C {from hexane). According to the l i t e ra tu re  [4], mp 
72 ~ C. A mixture  with an authentic sample  obtained f rom gramine  and benzyt mercap tan  gave no depress ion  of the 
mel t ing point. IR spectra ,  cm- l :  3350 (N--H); 1600, 1580 (aromatic sys tem of bonds of the indole ring); 750 (C--H 
bonds in an or tho-disubst i tu ted benzene ring); 705 (C--H bonds in  a monosubst i tuted benzene ring).  

Benzylthio(skatyl)malonic e s t e r  (IV). A) A mixture  of 2.6 g (0.015 mole) of gramine ,  4.23 g (0.015 mole) of 
benzyl thiomalonic  es te r ,  0.04 g of sodium, and 50 ml  of absolute toluene was boiled in a c u r r e n t  of ni t rogen unti l  the 
evolution of d imethylamine had ceased completely (20 hr). The solution was f i l tered,  evaporated in vacuo to a volume 
of 10 mI, and passed through a column of a lumina  (1 : 30), the product  being eluted with an e t h e r - p e t r o l e u m  ether  
mixture  (1 : 1). The yield of IV (vitreous mass)  was 1.5 g (24%). IR spec t rum,  cm- l :  3420 (N--H); 1730 (C=O); 1620, 
1550 (aromatic  sys tem of bonds of indole ring); 1260 (C--O--C) ;  750 (C--H bonds in  an or tho-disubst i tu ted benzene 
ring); 710 (C--H bonds in a monosubst i tuted benzene ring).  Found, %: C 67.21; H 6.18; N 3.85; S 7.38. Calculated for 
Cz3H25NOr , %: C 67.30; H 6.09; N 3.41; S 7.79. 

B) A mixture  of 5 g (0.017 mole) of gramine  methiodide (II), 4.9 g (0.017 mole) of benzyl thiomalonic es te r ,  and 
the sodium ethoxide obtained f rom 0.4 g (0.017 g-at .  ) of sodium and 50 ml  of absolute ethanol was boilddd~im cur ren t  
of ni t rogen for 18 hr. The mix ture  was cooled, poured into 150 ml of water,  and extracted with ether.  The e thereal  
ex t rac t  was washed with water  and dried with MgSOd, and the solvent  was evaporated to a volume of 4 ml and passed  
through a column of a lumina  (1 : 30), the product  being eluted with an e t h e r - p e t r o l e u m  ether  mixture  (1 : 1). Yield 1.7 
g (25%). The IR spec t rum and the e lementa ry  analys is  were completely identical  with those for the reac t ion  product  
f rom exper iment  A. 
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Methyl DL-a -b romo- f i - ( t ndo l -3 -y l )p rop tona t e  (VIII). With the i c e - s a l t  cooling and s t i r r ing ,  1.86 g (0.0069 mole)  
of phosphorus t r i b romide  in 70 ml of absolute e ther  was added to 4.5 g (0.02 mole) of methyl  DL-f l - ( indol -3-y l ) lac t ic  
acid [5, 6] in 200 ml of absolute e ther ,  and the mix ture  was lef t  at room t empera tu r e  for  24 hr.  Then the solution was 
poured off f rom the oil that had formed,  and was washed with water ,  sodium bicarbonate ,  and water  again, and was 
dr ied  with MgSO 4. The solvent  was evapora ted  in vacuo to a volume of 5 ml  and the bromina t ion  product  was 
chromatographed on a column of a lumina (1 : 30) in an e t h e r - p e t r o l e u m  e ther  mix ture  (10" t). Yield 1.4 g (31%). Mp 
90-92 ~ C ( f rom benzene withheptane) .  Found, %: C 50.80; H 4.33; Br  27.98; N 5.08. Calculated for  C12HluBrNO2, %: 
C 51.06; H 4.23; Br  28.30; N 4.94. 

Methyl DL-a -benzy l th io - f l - ( indo l -3 -y l )p rop iona te  (IX). In a cu r r en t  of ni t rogen,  the sodium ethoxide obtained 
f r o m  0.15 g (0.005 g-at . )  of sodium and 20 ml of methanol  was added to a mix ture  of 1.4 g (0.005 mole)  of the e s t e r  
VIH, 0.615 g (0.005 mole) of benzyl mercaptan ,  and 35 ml of methanol.  The mixture  was boiled in a cu r r en t  of ni t rogen 
for  6 hr.  After  cooling, i t  was diluted with 200 ml of water ,  the reac t ion  product  was ext rac ted  with e ther ,  and the 
ex t r ac t  was washed with water  and dr ied  with MgSO4. After  the solvent  had been dis t i l led  off in vacuo, the res idue  was 
d issolved in 5 ml of e ther  and passed through a column of a lumina (1 : 30), the product  being eluted with a mix ture  of 
e ther  and pe t ro leum e ther  (1 : 1). This gave 0.7 g (44%) of IX with mp 90-91 ~ C {from benzene with pe t ro l eum ether) .  
IR spec t rum,  cm- l :  3410 (N--H); 1730 (C~O);  1620, 1555 (aromat ic  sys tem of bonds of an indole ring); 750 (C--H 
bonds in an or tho-disubs t i tu ted  benzene ring); 710 (C--H bonds in a monosubst i tuted benzene ring). Found, %: C 69.87; 
H 5.93; N 4.38; S 9.74. Calculated for  C19H19NO2S, %: C 70.02; H 5.85; N 4.41; S 9.82. 

DL-a -Benzy l th io - f i - ( i ndo l -3 -y l )p rop ion ic  acid (VI). A) A mix tu re  of 1.9 g (0.0046 mole) of the e s t e r  IV, 2.5 g of 
KOH, 25 ml  of ethanol, and 30 ml of water  was boiled in a cu r ren t  of n i t rogen for 6 hr  30 rain. The solution was cooled 
and diluted with 100 ml of water ,  and the hydrolys is  product  was ex t rac ted  with e ther .  With cooling, the aqueous l aye r  
was acidif ied to pH 2 with chil led 15% fo rmic  acid and ex t rac ted  with ethyl acetate .  The ex t rac t  was washed with water  
and dr ied  with MgSO4, and the solvent  was dis t i l led  off in vacuo; the resu l t ing  oil was d issolved in 4 ml of 
dichloroethane and the solution was lef t  in the r e f r i g e r a t o r .  This gave 0.5 g (34%) of VI with mp 125-127 ~ C. IR 
spec t rum,  cm- l :  3440 (N--H); 3000-2500 (O--H of the d imer  of the acid); 1700 (C~---O); 1620, 1590 (aromat ic  sys tem of 
bonds of an indole ring); 710 (C--H bonds in a monosubst i tuted benzene ring); 740 (C--H bonds in an or tho-disubst i tu ted  
benzene ring). Found, %: C 69.28; H 5.53; N 4.40; S 10.30. Calculated for C18HtTNO2S, %: C 69.51; H 5.46; N 4.50; 
S 10.28. 

B) A mix ture  of 0.5 g (0.0015 mole)  of the e s t e r  IX, 0.56 g (0.006 mole) of KOH, and 40 ml of ethanol was boiled 
in a cu r r en t  of n i t rogen for  30 rain, cooled to 0 ~ C, and acidif ied with chil led 15% fo rmic  acid to pH 2, and the 
reac t ion  product  was ex t rac ted  with ethyl acetate .  The ex t r ac t  was washed with water  and dr ied with MgSO4, the 
solvent  was dis t i l led  off in vacuo, the res idual  oil was d isso lved  in 2 ml of dichloroethane,  and the solution was left  in 
the r e f r i g e r a t o r .  This gave 0.31 g (65%) of the acid VI, mp 125-127 ~ C. The IR spec t rum and e l em en ta ry  analysis  
were  complete ly  ident ical  with those of the substance f rom expe r imen t  A. 

DL- f l - ( Indo l -S -y l ) -G-mercap toprop lon ic  acid [f l - ( indol-3-yl) thiolact tc  acid] (VII). In a cu r r en t  of ni trogen,  0.02 
g of sodium was gradual ly  added to 0.3 g (0.001 mole) of the acid VI in 70 ml of ammonia  (until the format ion  of a 
pe rmanen t  blue color) ,  and then the solution was s t i r r e d  fo r  5 -7  minutes  and NH4C1 was added to deco tor ize  it. After  
evaporat ion of the ammonia ,  the res idue  was d isso lved  in 30 ml of water ,  and the solution was cooled to 0 ~ C and 
acidif ied with chil led 15% f o r m i c  acid to pH 2. The reac t ion  product  was ext rac ted  with ethyl acetate ,  the ex t rac t  was 
washed with water  and dr ied  with MgSO4, the solvent  was dis t i l led  off in vacuo, and the r e s idue  was c rys ta l l i zed  f r o m  
dichloroethane.  This gave 0.15 g (71%) of a substance with mp 160-161 ~ C. IR spec t rum,  cm- l :  3390 (N--H); 3100-  
2500 (O--H of a d imer  of the acid); 1710 (C~O);  745 (C--H bonds in an or tho-disubs t i tu ted  benzene ring).  Found, %: 
C 59.78; H 4.88; N 6.36; S 13.99. Calculated fo r  CnHilNO2S, %: C 59.70; H 4.98; N 6.33; S 14.49. 

S- [~- ( Indo l -3 -y l ) -~-methoxycarbonyle thy l ] th iouron ium p ic ra te  (X)~ A solution of 0.6 g (0.002 mole)  of the methyl  
e s t e r  VIII in 30 ml  of ethanol was added to a boiling solution of 0.16 g (0.002 mole) of th iourea  in 20 ml of ethanol, and 
the mix ture  was boiled for  4 hr.  Then i t  was cooled, the solvent  was d is t i l led  off in vacuo, and the noncrys ta l l i zab le  
b romide  of X was conver ted into the p ic ra te .  Mp 196-197 ~ C (from ethanol). Found, %: C 45.30; H 3.67; N 16.30; 
S 6.36. Calculated for  C13H15NO2S- C~H3N3OT, %: C 45.02; H 3.56; N 16.62; S 6.34. 

5-Skaty l th lazol id ine-2 ,4-dione  (XI). The oily b romide  of X, 0.76 g (0.002 mole),  was boiled in 50 ml of water  for  
20 rain. The hot solution was f i l t e red  off and cooled, giving 0.2 g (49%) of XI with mp 251-252 ~ C (from water) .  IR 
spec t rum,  cm- l :  3442 (N--H); 1630, 1680 (C~-~O); 760 (C--H bonds in an or tho-disubs t i tu ted  benzene ring). Found, %: 
C 58.28; H 4.30; N 11.66; S 12.68. Calculated for C12H10N202S, %: C 58.60; H 4.05; N 11.36; S 13.00. 
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