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The synthes is  of 4 ,5 ,6 ,7- te t ra f luoro t ryp tophan;  4 ,5 ,6 ,7- te t ra f luoroheteroauxin ;  and 4,5,6,7-  
t e t r a f luo ro t ryp tamine  f r o m  4 ,5 ,6 ,7 - te t ra f luoro-3- (N-p iper id inomethy l ) indole  or  its qua te rnary  
sa l t  with dimethyl  sulfate  is descr ibed .  

In this communica t ion  we desc r ibe  the synthes is  of polyf luorinated analogs of s eve ra l  important ,  
physiologica l ly  act ive compounds of the indole s e r i e s  such as tryptophan,  heteroauxin,  and t ryptamine .  
Condensation of 4 ,5 ,6 ,7- te t raf luoro-3-(N--piper id inomethyl ) indole  (I) [1] or  i ts  qua te rna ry  sal t  with dimethyl  
sulfate  (II) with ace tamidomalon ic  e s t e r  leads  to the fo rma t ion  of diethyl ace tamido(4 ,5 ,6 ,7 - te t ra f luoro-3-  
indolyl)malonate (gl). The hydro lys i s  of the l a t t e r  with 20% hydrochlor ic  acid gives f l -  ( 4 ,5 ,6 ,7 - t e t r a f luo ro -  
3 - indo ly l ) - a - a l an ine  (4 ,5 ,6 ,7- te t raf luorotryptophan)  (IV), which was isolated f r o m  the reac t ion  mix tu re  by 
means  of ion-exchange chromatography .  Tryptophan IV gives a cha r ac t e r i s t i c  reac t ion  fo r  an amino acid 
with ninhydrin and is smoothly  acylated by  acet ic  anhydride to f o r m  f l -  (4 ,5 ,6 ,7- te t ra f luoro-3- indoly l ) -N-  
ace ty l -~ -a l an ine .  Its s t r u c t u r e  was a lso  conf i rmed  by its IR and UV spec t ra .  

4 ,5 ,6 ,7 -Te t r a f luo ro -3 - indo ly tace t i c  acid (4,5,6,7-tetrafluoroheteroauxin)(V1) was obtained by  heating 
qua te rna ry  sa l t  II  with sodium cyanide in d ime thy l fo rmamide  with subsequent  hydro lys i s  of the resu l t ing  
n i t r i le  (V) and by the action on I of sodium cyanide in aqueous alcohol. The s t ruc tu re  of he teroauxin  VI 
was conf i rmed by convers ion  to the known 4 ,5 ,6 ,7 - te t ra f luoroska to le  by  the rma l  decarboxylat ion [1]. Reduc- 
tion of ni t r f le  V with l i thium aluminum hydride  in e ther  leads to 4 ,5 ,6 ,7- te t ra f luoro-3- ( f i -aminoe thy l ) indole  
(4 ,5 ,6 ,7- te t raf luorot ryptamine)  (VII), the s t r u c t u r e  of which was conf i rmed by its IR and UV spec t ra .  

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

The IR s p e c t r a  we re  obtained with a UR-10 s p e c t r o m e t e r .  A s t rong  absorpt ion band at 1500 cm -1 
(fluorinated benzene ring) was obse rved  in the IR s p e c t r a  of all of the f luor ina ted  compounds.  The UV spec-  
t r a  were  obtained with an SFD-2 s p e c t r o m e t e r  with m o l a r  concent ra t ions  of 2 �9 10 -4 and a l aye r  th ickness  
of 0.5 cm.  

Diethyl Ace tamido(4 ,5 ,6 ,7 - te t ra f luoro-3- indoly l )malona te  (riD. A) Sodium hydride  [0.034 g (1.41 
mmole)]  was added to a solution of 0.30 g (1.38 mmole)  of ace tamidomalonic  e s t e r  in 40 ml  of dimethyl  
f o r m a m i d e ,  the mix tu re  was heated at 90 deg fo r  1 h, 0.57 g (1.38 mmole)  of II  was added, and the mix tu re  
was held at 90 deg fo r  3 h. The mix tu re  was then poured into water ,  and the resul t ing  prec ip i ta te  was f i l -  
t e red  and dr ied  to give 0.42 g (73~0) of HI with mp 195-196 deg {from aqueous alcohol). Found % : C 52.05, 
51.69; H 4.32, 4.11; F 17.99, 18.00; N 7.11 s 7.38. CisHIsF4N2O ~. Calc. ~0: C 51.67; H 4.31; F 18.18; N 6.70. 

* See [1] fo r  communica t ion  VI. 

Novos ib i r sk  Insti tute of Organic Chemis t ry ,  Siberian Branch,  Academy of Sciences of the USSR. 
Trans la t ed  f r o m  Khimiya  Getero ts ik l icheskikh  Soedinenii, No. 2, pp. 213-214, February ,  1971. Original 
a r t i c le  submit ted May 12, 1969. 

�9 1973 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York, 
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without 
permission of the publisher. A copy of this article is available from the publisher for $15.00. 

195 



IR spec t rum (in KBr),  c m - l :  1670 (amide C=O), 1740 (ester  C=O), 2800-3000 (CH, CH2, and CH3) , 3400 
(amide Nil), and 3490 (indole NH). 

B) A mix tu re  of 0.12 g (0.55 mmole)  of acetamidomalonic  es te r ,  26 ml  of toluene, and 0.02 g (0.5 
mmole)  of NaOH was ref luxed fo r  1 h; 0.14 g (0.49 mmole)  of I was added; and the mix tu re  was ref luxed 
fo r  5 h. The prec ip i ta te  that  r esu l ted  on cooling was f i l t e red  to give 0.13 g (63%) of III with mp 194-195 
deg, which was identical  to the p repa ra t ion  obtained in the previous  exper iment .  

4 ,5 ,6 ,7 -Te t ra f luoro t ryp tophan  (IV). A solution of 0.29 g (0.7 mmole)  of III in 40 ml  of 20% hydro -  
chloric  acid was ref luxed fo r  10 h, a f te r  which it was pas sed  through a column packed with Dowex-50W • 4 
ion-exchange r e s i n  in the H + fo rm.  The column was washed with wa te r  to neutral i ty,  with alcohol, and 
again with water .  The amino acid was eluted with 2 N ammonium hydroxide until the color  f o r m e d  with 
ninhydrin vanished. The ammoniaca l  eluate was evapora ted  to d rynes s  in vacuo at no higher than 30 deg 
to give 0.14 g (73%) of IV with mp 263-265 deg (dec., f r o m  35% aqueous alcohol). Found % : C 48.19, 48.29; 
H 2.90, 2.92; F 27.60, 27.86; N 9.35, 9.39. CnHsF4N202. Calc. %: C 47.83; H 2.90; F 27.54; N 10.14. IR 
spec t rum (in KBr), cm-~:  1670 (NH~), 1600 (COO-), 2850-3000 (CH, CH2) , and 3490 (Nil). UV spec t rum:  
Xma  x (log ~), nm: 262 {3.38). Heating IV with acet ic  anhydride fo r  5 min  gave f i - (4 ,5 ,6 ,7 - t e t r a f luo ro -3 -  
i ndo ly l ) -N-ace ty l -~ -a l an ine  with mp 243-246 deg. Found % : F 20.40, 20.38; N 7.42, 7.50. C15HI2F4N204. 
Calc. %: F 21.11; N 7.78. IR s pec t rum  (in KBr),  cm-~: 1650 (amide C=O), 2800-3000 (CH, CH2) , and 
3400 (amide NH). 

4 ,5 ,6 ,7 -Te t ra f luoro -3 -cyanomethy l indo le  (V). A mix tu re  of 0.41 g (1.0 mmole)  of II  and 0.18 g (3.7 
mmole)  of sod ium cyanide in 6 ml  of d ime thy l fo rmamide  and 2 ml  of wa te r  was ref luxed for  2 h and  poured 
into water ,  and the resu l t ing  p rec ip i t a te  was f i l t e r ed  to give 0.21 g (92%) of V with mp 129-130 deg [subli- 
mat ion at 140 deg (20 mm)] .  F o u n d % :  C 52.42, 52.35; H 1.75, 1.96; F 33.39, 33.57; N 12.00, 12.02; mol.  wt. 
228. CIoH4F4N 2. Calc. %: C 52.63; H 1.75; F 33.33; N 12.28; mol .  wt. 228. IR s p e c t r u m  (in CC14) , c m - l :  
2240 (C=N)and 3490 (NH). 

4 ,5 ,6 ,7 -Te t ra f luorohe te roauxin  (VI). A) A mix tu re  of 0.2 g (0.88 mmole)  of V and 5 ml  of 20% KOH 
was ref luxed fo r  4 h and f i l te red ,  and the f i l t r a te  was acidified with 20% hydrochlor ic  acid to pH 1. The 
prec ip i ta te  was washed with water  and dr ied to give 0.15 g (69%) of VI with mp 206-208 deg. Found % : 
C 48.66, 48.40; H 2.10, 2.27; F 29.88, 29.85; N 5.96, 5.70. C]0HsF4NO 2. Calc. %: C 48.58; H 2.02; F 30.77; 
N 5.69. IR spec t rum  (in KBr,  c m - l :  1710 (acid C=O), 2500-3000 (OH), and 3490 (NH). UV spec t rum (in 
0.1 N NaOH), Area x (log e) ,  nm: 222 (3.32) and 253 (2.95). 

B) A mix tu re  of 0.2 g (0.70 mmole)  of I, 0.53 g (10.8 mmole)  of sodium cyanide,  5 ml  of ethanol, and 
3.5 ml  of water  was ref luxed fo r  10 h. The mix tu re  was evapora ted  to dryness ,  and 20% aqueous KOH was 
added to the solid res idue .  The mix tu re  was ref luxed for  4 h and f i l t e red ,  and 20% hydrochlor ic  acid was 
added ca re fu l ly  to pH 1. The resul t ing  p rec ip i t a te  was f i l te red  to give 0.06 g (35%) of V-I, which was identi-  
cal  to the p r epa ra t i on  obtained by  method A. 

4 ,5 ,6 ,7 -Te t ra f !uoro t ryp tamine  (VII). A solution of 0.36 g (1.58 mmole)  of V in 4.5 ml  of e ther  was 
added slowly with s t i r r i ng  to a suspension of 0.25 g of l i thium aluminum hydride  in 10 ml  of e ther .  The 
mix tu re  was s t i r r ed  for  5 h at 30-40 deg, and 5 ml of water  and 2 ml  of 20% aqueous NaOH were  added 
careful ly .  The mix tu re  Was f i l tered,  and the e ther  l aye r  was sepa ra ted  and dr ied with MgSO 4. The cooled 
solution was sa tu ra ted  with hydrogen chlor ide  to give 0.26 g (62%) of the hydrochlor ide  of VII with mp 305- 
306 deg (in a sea led  cap i l l a ry ,  f r o m  benzene -e thano l ) .  Found %: C 45.20, 45.21; H 3.42, 3.47; C1 12.55, 
12.75; F 28.10,28.13;  N 10.32, 10.26. C~0HsF4N 2 �9 HC1. Cale. %: C 44.69; H 3.35; C1 13.22; F 28.30; N 
10.43. An aqueous solution of the hydrochlor ide  of VII was t r ea ted  with 10 ml  of 15% ammonium hydroxide,  
and the resu l t ing  prec ip i ta te  was f i l t e red  to give 0.21 g (93%) of VII with rap 136-138 deg (from aqueous 
alcohol). Found%: C 51.34, 51.38; H 3.15, 3.00; F 32.20, 32.28; F 12.06, 12.27. CIoHsF4N 2. Calc. %: C 
51.72; H 3.45; F 32.76; N 12.07. IR s pec t rum (in CC14), c m - l :  2800-3000 (CH, CH2) , 3310-3390 (two bands,  
NH2) , and 3490 (NH). UV spec t rum (in alcohol), X m a  x (log ~), nm: 212 (4.58) and 262 (3.65). 
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