
I N D O L E  D E R I V A T I V E S  

XCIV.* SYNTHESIS OF MERCAPTO DERIVATIVES 

OF TRYPTOPHAN FROM ACETAMIDOINDOLYLACRYLIC 

ACID ESTERS 

L .  K h .  V i n o g r a d  a n d  N. N. S u v o r o v  UDC 547.757.07 

Reactions of c~-acetamido-fl-(3-indolyl)acryl ic  acid derivat ives  with some sulfur-contain-  
ing compounds were  ca r r i ed  out. Benzyl and acetyl  der ivat ives  of f l -mercaptotryptophan 
es te r s  were  obtained. 

A previous at tempt to synthesize f l -mercaptot ryptophan (indolylcysteine) f rom the corresponding 
thiothiazolidone was unsuccessful  [2]. In o rde r  to obtain f l -mercaptotryptophan derivat ives  we s tar ted 
f rom the corresponding azlactones  and acetamidoindolylacryl ic  acid es te r s  using methods s imi la r  to those 
used for  the synthesis  of penicil lamine and s imi la r  substances [3]. It Was found that only thiazolidone II is 
fo rmed  in the reac t ion  of azlactone I with hydrogen sulfide. At the same t ime, benzyl mercap tan  adds to 
the C=C bond with simultaneous opening of the azlactone ring to give, according to the PMR data, a mix- 
ture  of d i a s t e reomer i c  e s te r s  III. Es te r  III was acetylated thoroughly and converted to the amide. A 
single individual i somer  was isolated in both cases  f rom the mixtures  of d i a s t e reomers  by crystal l izat ion.  
Removal  of the protect ive groups in es te r  III, its acetyl  der ivat ives ,  and amide by hydrolysis  in the p re s -  
ence of acids  or  bases  under mild conditions and also by the action of sodium in liquid ammonia  leads in 
all cases  p r i m a r i l y  to splitting out of benzyl mercap tan  and the production of compounds that do not con- 
tain sulfur.  
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Fur the r  investigations were  made with e s t e r  IV, which was obtained by gentle alcoholysis  of az lac -  
tone I. Acetylat ion of e s t e r  IV gives t r iace ta te  V. As can be concluded f rom the ch romatograms ,  the addi- 
tion of thioaeetic acid at room tempera tu re  takes place to a bare ly  appreciable  degree.  An increase  in the 
t empera tu re  and the use of t r ie thylamine as a cata lyst  lead to resinification. Dichlorothioacetic acid, 
which is recommended  for  such react ions  [4], reac ts  more  vigorously  in ethyl acetate.  Transacyla t ion ap- 
parent ly  occu r s  during the react ion,  and the product isolated is a mix"rare of d ias te reomer ic  es te r s  of ~ -  
acetamido-f l -acetyl thio-f i - (3- indolyl)propionic  acid (VI). Attempts to remove the protective acetyl  groups 
in e s t e r  VI also lead to splitting out of a sulfur-containing residue.  Thioacetic acid adds readi ly to 1- 

* See [I] fo r  communicat ion XCIII [i]. 
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ace ty l -3 -n i t rov iny l indo le  [5] but does not r e a c t  with e s t e r  IV, while dichlorothioacet ic  acid adds to e s t e r  
IV but does not r eac t  with 1 -ace ty l -3 -n i t rov iny l indo le .  R e s e a r c h  in this a r e a  will be continued. 

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

The PMR spec t ra  we re  r e c o r d e d  with a JNM-4H-100 s p e c t r o m e t e r  with t e t r ame thy l s i l ane  as  the in- 
t e rna l  s tandard.  The IR spec t r a  of minera l -o i l  suspens ions  of the compounds were  r e c o r d e d  with a UR-10 
s p e c t r o m e t e r .  The UV spec t r a  of alcohol  solut ions were  r e c o r d e d  with an EPS-3 spec t ropho tomete r .  
Chromotography  was c a r r i e d  out on pla tes  with a fixed l aye r  of s i l ica  gel  and with a loose l ayer  of ac t iv i ty  
II (Brockmann scale) a luminum oxide; the c h r o m a t o g r a m s  were  developed with a solution of p -d imethy l -  
aminobenzaldehyde  in alcohol  containing hydrochlor ic  acid and by means  of an u l t rachemiscope .  

2 -Methy l -4 - [  (3- indolyl )methylene]-5- th iazolone (II). Hydrogen sulfide was bubbled fo r  6 h through a 
solution of 1 g (4.42 mmole)  of az lac tone  I and 4 ml  of t r i e thy lamine  in 20 ml  of ethyl ace ta te ,  a f t e r  which 
20 ml  of w a t e r  was added, and the aqueous l aye r  was s epa ra t ed  and acidif ied with hydrochlor ic  acid.  The 
acidic  mix tu re  was f i l t e red  to give 0.35 g (33%) of b r igh t -o range  c r y s t a l s  with mp 201-202 ~ (from benzene).  
IR s p e c t r u m :  3190 (NH), 1690 (CO), 1660, and 1640 c m  -1 (C=C, C=N).  UV spec t rum,  k m a x ,  nm (log ~): 
224 (4.00), 256 (3 .57) ,227 {3.61), 285 (3.63), and 426 (4.13). PMR spec t rum* (deuterodimethyl formamide) ,  
5 : 2 . 6 9  (s, CH3), 7.20-8.17 (m, indole-ring protons) ,  and 7.60 and 8.65 ppm (two s, indole =CH and 2-H).  
Found, %: C 64.4; H 4.4; N 11.3~ S 13.1. C13H10N2OS. Calculated,  %: C 64.4; H 4.4; N 11.5; S 13.2. 

Methyl a-Acetamido-fl-benzylmercapto-fl-(3-indolyl)propionate (III). A 4.52-g (0.02 mole) s ample  of 
az lac tone  I and 3.7 g (0.03 mole) of benzyl  m e r c a p t a n  were  added to a solution of 0.004 mole  of sodium 
methoxide in 15 ml  of methanol ,  a f t e r  which the mix tu re  was heated a t  60-61 ~ in a s t r e a m  of n i t rogen fo r  
14 h. Acet ic  acid (0.6 ml) was added, and 12 ml  of methanol  w a s  r emoved  by dist i l lat ion.  The res idue  was 
ch roma tog raphed  on 500 g of a luminum oxide, which was f i r s t  calcined thoroughly a t  5000 for  1 h. The sub-  
s tances  we re  eluted succes s ive ly  with benzene,  ethyl ace ta te ,  and acetone  to give,  r e spec t ive ly ,  benyl m e r -  
cap tan  (1.52 g, R f  0.92, A1203, ethyl acetate) ,  4.21 g of a l ight-yel low oil, and 0.62 g of methyl  a - a c e t a m i -  
do- f l - (3- indoly l )acry la te  with mp 190-191 ~ ( f r o m e t h y l  aceta te) .  ]1% spec t rum:  3450, 3400 (NH), 1690 (es-  
te r ) ,  1665 (amide), and 1638 c m  -1 (C=C).  UV spec t rum,  h m a  x, nm (log e): 227 (4.45), 262 (3.93), 277 
(3.94), and 340 (4.34). PMR s p e c t r u m  (CD3OD), 5 : 2 . 1 5  (s, CCH3), 3.78 ( s, OCH~), 7.73 and 7.90 (two s,  in- 
dole f l-CH and 2-H),  and 7.0-7.6 ppm (m, indole-ring protons) .  Found, %: C 65.0; H 5.5; N 10.7. C14H14N203. 
Calculated,  %: C 64.8; H 5.5; N 10.8. 

T r i t u ra t i on  of the l ight-yel low oil with isooctane gave 2.43 g (32%) of e s t e r  III as  a yel lowish e l ec t r i -  
f iable  powder with mp 65-70 ~ and R f  0:63. IR s p e c t r u m  (film): 3420, 3320 (NH), 1742 (ester) ,  and 1670 
cm -1 (broad, amide).  PMR s p e c t r u m  (CDC13) , 6 : 1 . 8 8  ( s,  CCH3), 1.92 (s, CCH3), 3.51 (s, OCH3), 3.53 is, 
OCH3) , 3.65 (d, CH2) , 4.53 (d, a - C H ) ,  5.20 (q, fl-CH), and 7.2-8.3 ppm (In, a roma t i c  r ing protons) .  Found, 
%: C 65.9; H 6.0; N 7.1; S 8.1. C21H22N203S. Calculated,  %: C 66.0; H 5.8; N 7.3; S 8.3. 

a - A c e t a m i d o - f l - b e n z y l m e r c a p t o - f l -  (3-indolyl) propionamide.  E s t e r  III [0.92 g (2.4 mmole)  ], was  mixed 
with 5 ml  of concent ra ted  am m on i um  hydroxide,  and the prec ip i ta te  that  f o rmed  a f t e r  3 months was washed 
with w a t e r  to give 0.8 g (91%) of c o l o r l e s s  c r y s t a l s  with mp 216 ~ (after s e v e r a l  c rys ta l l i za t ions  f rom a l co -  
hol). IR spec t rum:  3400, 3340, 3300 (NH) and 1685 and 1620 cm -1 (CO). PMR spec t rum (deutero-DMFA),  
6 : 2 . 0 2  (s, CH3) , 3.66 (q, CH2) , 5.15 (q, fl-CH), and 7.2-8.2 ppm (In, a roma t i c  ring protons) .  The a - C H  
signals  at ~4 .7 -4 .8  ppm a r e  covered  by the s ignal  of the w a t e r  p re sen t  in the solvent.  Found, %: C 65.2; 
H 5.6; N 11.3; S 9.0. C20H21N203S. Calculated,  %i C 65.3; H 5.8; N 11.4; S 8.8. 

Methyl a -A ce t am i do - f i - benzy l m ercap t o - f i - ( 1 - aee ty l -3 - i ndo ly l )p rop iona t e .  A tota l  of 0.2 ml  of 57% 
pe rch lo r i c  acid  was added to a solution of 0.97 g (2.54 mmole)  of e s t e r  HI in 3L mi  of acet ic  anhydride,  and 
the mix tu re  was heated  at  80 ~ for  1 h, a f t e r  which it was  poured into wate r .  The aqueous mix tu re  was ex-  
t r a c t e d  with benzene,  and the benzene ex t rac t  was ch roma tog raphed  (A1203, benzene) to give 0.9 g (84%) of 
c o l o r l e s s  c r y s t a l s  with mp  172-173 ~ ( f rom methanol) .  ]R spec t rum:  3280 (NH), 1725, 1709, and 1655 cm -1 
(CO). PMR s p e c t r u m  (CDC13) , 6 : 1 . 9 6  (s, CCH3) , 2.55 (s, NCOCH3) , 3.65 ( s, COOCH3) , 3.69 (d, CH2) , 4.52 
(d, a - C H ) ,  5.13 (q, fl-CH), and 7.2-8.3 ppm (In, a roma t i c  r ing protons) .  Found, %: C 65.1; H 5.7; N 6.7; 
S 7.4. C~3H24NzO4S. Calculated,  %: C 65.1; H 5.7; N 6.6; S 7.5. 

* The following abbrev ia t ions  a r e  used he re  and subsequently:  s is s inglet ,  d is doublet, q is quar te t ,  t is 
t r ip le t ,  and m is mult iplet .  
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Ethyl ~ -Ace t amido - f l - (3 - i ndo ly l ) ac ry l a t e  (IV). A to ta l  of 5 ml  of a 2 N solution of sodium ethoxide in 
ethanol was  added to a solution of 2.26 g (0.01 mole) of azlactone I in a mix tu re  of 5 ml  of alcohol and 10 ml  
of benzene.  Af te r  5 rain, 9 ml  of dilute (1 : 1) hydrochlor ic  acid  was added to the w a r m  mixture ,  and the 
benzene was  evapora ted  on a r o t a r y  evapora to r .  The prec ip i ta te  was  r emoved  by f i l t ra t ion to give 1.8 g 
(65%) of co lo r l e s s  c r y s t a l s  with mp  171-172 ~ ( f rom 70% alcohol).  IR spec t rum:  3300, 3284 (NH), 1690, 
1645, and 1625 c m  -1 (CO, C----C). UV spec t rum,  •max,  nm (log e): 227 (4.44), 262 (3.93), 277 (3.94), and 
339 (3.33). PMR s p e c t r u m  (deutero-DMF),  5 : 1 . 2 7  (t ,  CCH3), 2.14 (s, NCOCH3) , ~.20 (q, CH2) , 7.1-8.1 (in- 
dole-r ing protons) ,  and 7.73 and 8.02 ppm (two s, indole fl-CH and 2-H).  Found, %: C 65.9; H 6.0; N 10.6. 
C15H16N203. Calculated,  %: C 66.2; H 5.9; N 10:3. 

Ethyl  ~ - D i a c e t y l a m i n o - f l - ( 1 - a c e t y l - 3 - i n d o l y l ) a c r y l a t e  (V). A mix tu re  of 4.24 g (15.6 mmole)  of e s t e r  
IV, 17 ml  of ace t ic  anhydride,  and 4 ml  of pyr idine was heated a t  100 ~ fo r  2 h, a f t e r  which it was poured 
o v e r  ice and worked  up to give  3.3 g (59%) of c o l o r l e s s  c r y s t a l s  with mp 139-140 ~ (from ethyl aceta te) .  IR 
spec t rum:  1715, 1705 (broad, CO), and 1640 c m  -1 (C-----C). UV spec t rum,  k m a x ,  nm (log e): 224 (4.30), 241 
(3.95), 256 (3.92), 334 (3.87). PMR s p e c t r u m  (CD3COCD3), 6 : 1 . 3 2  (t, CH3), 2.32 [s, N(COCH3)2] , 2.68 (s, 
1-COCH3) , 4.30 (q, CH2), and 7.83 and 8.06 (two s,  indole fi-CH and 2-H),  and 7.2-8.4 ppm (indole-ring p r o -  
tons). Found, %: C 64.2; H 5.5; N 7.8. C19H20N205. Calculated,  %: C 64.0; H 5.6; N 7.8. 

Ethyl  ~ -Ace tamido- f l - ace ty l th io - f l - (3 - indo ly l )p rop iona te  (VI). A mix tu re  of 2.7 g (0.01 mole) of e s t e r  
IV and 2.5 ml  of d ichlorothioacet ic  acid  in 20 ml  of ethyl ace ta te  was ref luxed for  2 h in a s t r e a m  of n i t ro -  
gen, a f t e r  which it was  vacuum evapora ted ,  and the r e s idua l  dark  oil was  ch romatographed  [A1203 thorough-  
ly calc ined a t  500 ~ f o r  6 h, b e n z e n e - a l c o h o l  (9 : 1)]. A subs tance  with R f  0.5 (yellow spots) was ex t rac ted  
with ethyl ace t a t e  to give 1.7 g (49%) of a l ight-yel low c a r a m e l - l i k e  m a s s  (mixture of i somers ) .  IR spec-  
t rum:  3200-3400 (broad,i NH), and 1735 and 1670 cm -1 (CO). PMR s p e c t r u m  (deutero-DMFA),  5 : 1 . 0 8  (m, 
CH3) , 1.94 (In, SCOCH3, NCOCH3), ,~4.2 (In, CH 2 and ~-CH) ,  5.20 (In, fl-CH), and 7.2-8.3 ppm (indole-ring 
protons) .  Found, %: C 58.3; H5.7;  C10,2; N 8.0; S 9.4. C17H20N204S. Calculated,  %: C 58.3; H 5.7; C1 0.0; 
N 8.O; S 9.2. 
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