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XCV.* SYNTHESIS OF MERCAPTO DERIVATIVES OF 

TRYPTOPHAN FROM C~-NITRO-fl-INDOLYLACRYLIC 

ACID ESTERS 

L .  K h .  V i n o g r a d ,  O.  D.  S h a l y g i n a ,  
N.  P .  K o s t y u c h e n k o ,  a n d  N.  N.  S u v o r o v  

UDC 547.757 

Der iva t ives  of f l -mercap to t ryp tophan  and (~-hydroxylamino- f i -mercap to- f l - indoly lpropion ic  
acid were  obtained by addit ion of thiols  and hydrogen sulfide to ~ - n i t r o - f l -  (3- indolyl)acryl ic  
acid e s t e r s  and subsequent  reduct ion  of the products .  

Consider ing the diff icult ies  that  a r i s e  in the r e m o v a l  of p ro tec t ive  groups  f r o m  sul fur -conta in ing N- 
acy la ted  t ryptophan  de r iva t ives  [1], we synthes ized  indolylcysteine de r iva t ives  by reduct ion of the c o r r e s -  
ponding mercap to  ni t ro  compounds.  F o r  this ,  we used methods developed fo r  the p repa ra t ion  of indolyl-  
cy s t eamine  de r iva t ives  [2]. 
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I, Ji, Vll l  R=H; HI, IV, IX R=COCH3; a R'=CII3, R?=COCIt3; b R~=R?=CHICGH5; CR~=CH 3, 

R~=H; V R~=CH3, R-~=H,R~=COCH3; VI R'=R:=CH2C6Hs, R'I=H 

Starting e s t e r s  I and III, which a r e  m i x tu r e s  of g e o m e t r i c a l  i s o m e r s ,  we re  obtained by known me th -  
ods [3, 5]. 

The addition of thiylating agents  such as benzyl  m e r c a p t a n s ,  thioacet ic  a c i d , a n d  hydrogen sulfide to 
N-ace ty la ted  (IIIa,b) and nonacetylated e s t e r s  (Ia,b) of c~-ni tro-  f l - (3- indoly l )acry l ic  a c i d p r o c e e d s  read i ly ,  
but the produ cts of r eac t ion  with nonacetylated e s t e r s  Ia,b a r e  unstable ,  and only e s t e r  IIb could be isola ted in 
ana ly t ica l ly  pure  fo rm.  Adducts Ha,c a r e  rap id ly  conver ted  to t r ans - f i - (3 - indo ly l )ac ry l i c  acid  e s t e r s  
(VIII, IX). Compound lIb changes s i m i l a r l y  but somewhat  m o r e  s lowly on s to rage .  Consider ing the fact  
that  many  f l -subst i tu ted  propionic acids  a r e  comple te ly  s table ,  the labil i ty of the a - n i t r o - f i - ( 3 - i n d o l y l ) p r o -  
picnic acid de r iva t ives  that  we obtained should be a sc r ibed  to the e l ec t ron -donor  effect  of the indole ring. 

* See [1] fo r  communica t ion  XCIV. 
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Simi la r  d i s in tegra t ion  of ~ , f l - subs t i tu ted  f l - (3- indolyl)propionic  acids  was a lso  obse rved  in the synthes is  of 
f l - (3- indoly l )g lycer ic  ac id  de r iva t ives  [6]. 

In acco rdance  with the accep ted  m e c h a n i s m  of the addition of thiylating agents  to olefins with an ac t i -  
va ted  double bond [7], the r a t e - d e t e r m i n i n g  s tep  is addition of thiolate  ion to the f l - ca rbon  a tom.  In the case  
of t r i subs t i tu t ed  e thylenes ,  the addit ion of a proton to the ca rban ion  should lead to the fo rma t ion  of e ry th ro  
and th reo  i s o m e r s .  In fact ,  a double se t  of s ignals ,  c lose  in chemica l  shifts ,  is obse rved  in each  case  in 
the PMR spec t r a  of IIb and IVa,b. This  m i x t u r e  of i s o m e r s  is f o rmed  both f r o m  the individual s ta r t ing  o le -  
f ins  and f r o m  a m i x t u r e  of t he i r  g e o m e t r i c a l  i s o m e r s ,  and this conf i rms  a ca rban ion  addition m e c h a n i s m  
in this case .  

One of the i s o m e r s  of IVb was i so la ted  f r o m  a mix tu re  of the e ry th ro  and threo  i s o m e r s  by c r y s t a l l i -  
za t ion  [1]. T h i o e s t e r  IVa could not be s e p a r a t e d  into i s o m e r s  because  of rap id  i somer iza t ion .  Pa r t i a l  con-  
ve r s i on  of the i s o m e r  can  be obs e rved  in a s tudy of the PMR spec t r a  of a solution of IVa in benzene; this 
m a k e s  it poss ib le  to a s s ign  the s ignals .  An individual i s o m e r  of IVb [1] a lso  undergoes a s i m i l a r  t r a n s -  
f o r m a t i o n  in solution. 

Reduct ion of n i t ro  compound IVb with zinc in acet ic  acid  o r  with starmous chlor ide  in acet ic  acid  con-  
taining hydrogen chlor ide  g ives ,  r e spec t ive ly ,  hydroxylamine  VII o r  amine  VI. T ransacy l a t i on  occurs  dur -  
ing the reduct ion of methyl  ~ -n i t ro - f i - ace ty l th io - f l - (1 -ace ty l -3 - indo ly l )p rop iona t e  (IVa), and methyl  ~ -  
aeetamido-fl-mercapto:fl-(1-acetyl-3-indolyl)propionate (V) is fo rmed .  

Only one g e o m e t r i c a l  i s o m e r  was  detected by PMR spec t ro scopy  in all  of the products  of the r ed u c -  
t ion of V-VII .  The a s s ignmen t  of IIc, IVa,b, V, VI, and VII to the e ry th ro  and threo  s e r i e s  is difficult,  inas -  
much  as the s p i n -  spin coupling constants  of the protons  a t tached to the ~ -  and f i -carbon a toms  a re  close.  

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

The PMR s p e c t r a  w e r e  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 r n a l  s tandard .  The ]R s p e c t r a  of  mine ra 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 .  Silufol p la tes  w e r e  used for  ch romatography ,  and development  was accompl i shed  with a 10% 
solution of phosphomolybdic  acid and heating to 110 ~ The amines  were  detected by reac t ion  with ninhydrin. 

Benzyl  ~ -Ni t ro - f l -benzy lmercap to - f i - (3 - indo ly l )p rop iona t e  (IIb). A 1 .13-ml  (9.6 mmole)  sample  of 
benzyl  m e r c a p t a n  and 0.04 m l  of t r i e thy lamine  w e r e  added to a solution of 3 g (9.6 mmole)  of e s t e r  Ib in 
15 m l  of methanol .  Af te r  the yel low co lora t ion  had d i sappeared ,  the mix tu re  was placed in a r e f r i g e r a t o r  
to p rec ip i t a te  2.48 g (59%) of c o l o r l e s s  c r y s t a l s  with mp 147-149 ~ IR spec t rum:  3400 (NH), 1750 (ester) ,  
and 1566 and 1340 c m  - i  (NO2). Found, %: C 67.1; H 5.0; N 6.1; S 7.1. C25H22N204S. Calculated,  %: C 67.3; 
H 4.9; N 6.2; S 7.1. 

Methyl ~ -Ni t ro : f l - ace ty l t h io - f l - (1 - ace ty l -3 - indo ly l )p rop iona t e  (IVa). A 2 . 9 - m l  (0.041 mole) sample  
of th ioaeet ie  ac id  and 0.01 g of t r i e thy lamine  w e r e  added with s t i r r ing  to 10.1 g (0.035 mole) of the t r ans  
i s o m e r  o r  a mix tu re  of the cis  and t r ans  i s o m e r s  of IIIa in 80 ml  of benzene.  Af ter  the yellow colora t ion  
had vanished (after  10-15 min), 20 ml  of pe t ro leum e ther  was added, and the mix tu re  was placed in a r e -  
f r i g e r a t o r .  Af t e r  16 h, workup of the mix tu re  gave  12.1 g (94%) of c o l o r l e s s  c r y s t a l s  with mp 122-123 ~ 
( f rom absolu te  alcohol) .  According  to the PMR data,  the mix tu r e  contained two i s o m e r s  (see Table  1). 
IR spec t rum:  1750 (COOCH3), 1715 (SCOCH3), 1700 (NCOCH3), and 1565 and 1350 cm -1 (NO2). Found, %: 
C 52.9; H 4.5; N 7.8; S 8.9. C16H16N206S. Calculated,  %: C 52.7; H 4.4; N 7.7; S 8.8. 

Benzyl  ~ - N i t r o - f l - b e n z y l m e r c a p t o - f i -  {1-acety l -3- indolyl )propionate  (IVb). A 68.2-mg (10.5 mmole)  
s amp le  of benzyl  m e r c a p t a n  and one drop  of t r i e thy lamine  were  added to a solution of 0.2 g (0.55 mmole)  
of t r a n s - I V b  in 1 ml  of methanol .  Af te r  10 rain, the mix tu re  was diluted with 10 ml  of pe t ro leum ether  and 
worked  up to give 0.23 g of an oily product ,  which, accord ing  to the PMR data, contained two i s o m e r s  (see 
Table  1). Crys t a l l i za t ion  f r o m  methanol  gave  0.12 g (45%) of co lo r l e s s  c r y s t a l s  of an i s o m e r  (1) of IVb 
with mp 111% IR spec t rum:  1732 (broad, e s te r ) ,  1563 and 1340 cm -1 (NO2). Found, %: C 66.4; H 5.0; 
N 5.7; S 6.5. C2~H24N2OsS. Calculated,  %: C 66.4; H 4.9; N 5.7; S 6.5. 

Benzyl  ~ - Hydroxy lamino- f l -benzy lmercap to - f l -  (1 -ace ty l -3 -  indolyl) propionate  (VII). Zinc dust (4.17 
g) was added g radua l ly  in the c o u r s e  of 30 min  a t  3-4  ~ to a solution of 4.17 g (8.5 mmole)  of IVb in 150 ml  
of ace t ic  acid  and 13 m l  of w a t e r . '  Af te r  1 h, 150 ml  of conceri t ra ted a m m o n i u m  hydroxide and ice were  
added s imul taneous ly  up to pH 6 (the t e m p e r a t u r e  was not al lowed to exceed 10~ the mix tu r e  was ex-  
t r a c t e d  with methy lene  chlor ide ,  and the ex t r ac t  was  dr ied with m a g n e s i u m  sulfate.  The solvent  was evap-  
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TABLE 1. PMR Spectra of the Synthes ized Compounds a 

IIc  

II~ I 
12 

IIe 1 

IIIb 1 
1Vb 

i 

~'vv i O-CH, 

Z mmZ I 

- 13,76.~. 4,9a~t. 4,99m 
- -  13,76or 5 ,37q"  4,99m 

2,62s 2,348 /3,79s 15,878 
2,62s 2,34s [3,69 s 5,87s 
2,44 s 3 ,75m 15,02 s 5,02 e 

5,02 e 2,57s 3,52s 5 , 3 6 s  '4 '99q d 
2,64s '2,20s. 13,47s c 

13,75~ 5,00 q~ 
2,36s 4,21 q I ' 

- -  I 15,25 s ]7,94 e 

~-CH 

5,60 d 
5,53d 
6,268 
6,318 
6,21e 
6,28e 
5,78e 
4,58q 
4,93q 
6,49e 

l~z,[~' 2-H ~romatic  Solvent  
Hz protons 

i E 

i [ 
11,0 ] __c e ,~ e CsDsN 
t 2,0 - -  I __c C~DsN 
8,2 7,87s 7 l - -8 ,5m~ 
9,9 ~ 8,00s 7,1--8,5m 

10,8 7,70s = 6 , 8 - - 8 , 4 m  CDaCOCDa 
11,4 7,90s 6,8--8,4m 
11,0 7 , 8 5 s  7,15--7,80 r~ 
8,9 7,48s, ~ 6,7--8,4 m CDzOD 

13,0 _ c  6,8--8,4 m CDCla 
15,5 c 7,1--8,3 m CDCIa 

a o n  the 6 sca le .  The fo l lowing abbreviat ions  are  used: s is 
s inglet ,  d is doublet,  q is quartet,  and m is mult iplet ,  b j  = 13 
Hz. CThis reg ion  is c o v e r e d  by s ignals  f r o m  the solvent .  
dJc~_H,Ni_ I = 6.5 Hz; the splitt ing van i shes  when CD3OD is added. 
e J = 1 4 . 2  Hz. f J = 1 1 . 4  Hz. g J = 1 4 . 0  Hz. h j =  8.5 Hz. 

orated to g ive  2.73 g (65%) of c o l o r l e s s  c r y s t a l s  with mp 157-159 ~ (from c h l o r o f o r m - c y c l o h e x a n e ) .  A c -  
cording to the PMR data, the product was  an individual i s o m e r .  IR spectrum: 1730 (broad, e s ter )  and 3260 
(NHOH) c m  -I. Found, %: C 68.5; H 5.5; N 5.8; S 6.7. C2~H26N204S. Calculated,  %: C 68.4; H 5.5; N 5.8; 
S 6.7. 

Hydrochloride  of Benzy l  ~ - A m i n o - f l - b e n z y l m e r c a p t o - f i - 0 _ - a c e t y l - 3 - i n d o l y l ) p r o p i o n a t e  (VII. A 3 .42-g  
(7.6 mmole )  sample  o f ' e s t e r  IVb was  added to a so lut ion  of 7.9 g (0.035 mole)  of SnCI 2 �9 2H20 and 3.7 g (0.1 
mole)  of hydrogen chlor ide  in 30 ml  of ace t i c  acid,  and the mixture  was  placed in a re fr igerator .  After  2 
days,  the mixture  was  poured into ice water ,  the e x c e s s  acid was  neutra l ized  with sodium peroxide,  and tin 
was  precipitated with hydrogdn sulf ide.  The sulf ides  w e r e  r e m o v e d  by f i l tration,  the f i l trate  was  evaporated 
to drynes s ,  and the res idue  was  extracted with a lcohol  to g ive  1.08 g (27%) of c o l o r l e s s  c r y s t a l s  of the hy- 
drochlor ide  of amine  VI with mp 175-177 ~ (from absolute  a lcohol) .  IR spectrum: 2600-3200 (NH3 +) and 
1730 c m  -t  (ester) .  Found, %: C 65.7; H 5.5; C1 7.3; N 5.8; S 6.3.  C27H26N2OaS �9 ItCI. Calculated,  %: C65.5;  
H 5.5; C1 7.2; N 5.6; S 6.4.  

Methyl ~ - A c e t a m i d o - f i - m e r c a p t o - f l - ( 1 - a c e t y l - 3 - i n d o l y l ) p r o p i o n a t e  (V). A 4 .45-g  sample  (12 m m o l e )  
of e s t e r  IVa was  added to a so lut ion  of 11.2 g (0.058 mole)  of anhydrous stannous chloride  and 8.3 g (0.23 
mole)  of  hydrogen chlor ide  in 52 m l  of ace t i c  ac id ,  and the mixture  was  placed in a re fr igerator .  After  3 
days the s u s p e n s i o n  w a s  poured into water ,  and the precipitate  w a s  r e m o v e d  by f i l trat ion and suspended in 
water .  The tin ions w e r e  precipitated with hydrogen sulf ide,  and the precipitated sulf ides  w e r e  r e m o v e d  
by f i l trat ion.  The f i l trate  was  evaporated to dryness ,  and the re s idue  was  extracted with absolute  a lcohol .  
The extract  was  evaporated to g ive  1.98 g of  c o l o r l e s s  c r y s t a l s  with mp 165-166 ~ (from water)  and R f  0.73 
[the e luent  was  the uplJer layer  of a b u t a n o l - a c e t i c  a c i d - w a t e r  mixture  (4 : 1 : 5)]. IR spectrum: 3120 and 
1630 (amide), 1735 (COOCHa) , and 1710 c m  -1 (COCH3). Found, %: C 56.9; H 5.4; N 8.4; S 9.3. C16H18N204S. 
Calculated,  %: C 57.1; H 5.4; N 8.4; S 9.4. 

React ion  of Methyl ~ - N i t r o - f l - ( 3 - i n d o l y l ) a c r y l a t e  ( In)andThioacet ic  Acid.  A 1 . 3 5 - m l  (0.18 mole)  
sample  of th ioacet ic  ac id  and 0.1 m l  of t r i e thy lamine  w e r e  added to a so lut ion of 4.44 g (0.018 mole )  of e s t e r  
Ia in 30 ml  of benzene ,  and the mixture  was  s t i rred  for 30 rain. The addition of petro leum ether  prec ip i -  
tated methy l  a-nitro-fl-acetylthio-fi-(3-indolylpropionate (IIa) as  a y e l l o w i s h  oi l  with R f  0.37 [ b e n z e n e -  
e ther  (9 : 1)]. At tempts  t o ' c r y s t a l l i z e  the product o r  s torage  of it led to rapid c o n v e r s i o n  to methyl  t r a n s -  
f l - (3 - indoly l )acry late  (VIII) with mp 151-152 ~ and R f  0.15, which was  identical  to the compound obtained 
in [8]. 

React ion  of E s t e r  Ia with Hydrogen Sulfide. A s t r e a m  of hydrogen sulficle was  bubbled for 1.5 h 
through an i c e - c o o l e d  so lut ion  of 1 g (6.4 mmole )  of  e s t e r  Ia and 0.04 ml  of t r i e thy lamine  in 30 ml  of  ben- 
zene .  Addition of pe tro leum ether  gave  methyl  ~ - n i t r o - f l - m e r c a p t o - f l - ( 3 - i n d o l y l ) p r o p i o n a t e  (IIc) or  the 
corresponding  disulf ide as  a ye l low oi l  with R f  0.43, which  w a s  rapidly converted  to methyl  e s t er  VIII, 
which  was  identical  to the product descr ibed  gbove.  
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Reaction of Ber~.yl ~-Nitro-f l-(1-acetyl-3-indolyl)aerylate (IIIb) with Hydrogen Sulfide. A 0.5-ml 
(3.5 mmole) sample of tr iethylamine was added to a suspension of 1.8 g (5 mmole) of es ter  IHb in 6 ml of 
methanol, and the flask was connected to a gasometer  containing hydrogen sulfide. With periodic shaking, 
450 ml of hydrogen sulfide was absorbed after  24 h, during which the yellow precipitate was converted to a 
colorless  precipitate. It was removed by fi l tration to give 0.85 g (61%) of benzyl trans-fl-(3-indolyl)acry- 
late (IX) with mp 148-149 ~ (from chloroform). IR spectrum: 3390 (NH), 1710 (CO), and 1640 cm -1 (C--C). 
Found, %: C 78.1; H 5.4; N 5.0, C18H15NO 2. Calculated, %: C 78.0; H 5.4; N 5.0. Ester  IX was also ob- 
tained in 71% yield by reaction of benzyl ~-nitro-fl-(3-indolyl)acrylate with hydrogen sulfide. 
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