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The e l e c t r o c h e m i c a l  reduc t ion  of 2 - n i t r o - l - p e n t a f l u o r o p h e n y l a l k a n o l s  in the p r e s e n c e  of carbonyl  compounds 
has given hyd roch lo r ides  of s econda ry  amino a lcohols  which, in the fo rm of the f ree  b a s e s ,  have been 
conver ted  by heat ing in d ime thy l fo rmamide  into N-subs t i tu ted  de r iva t i ve s  of 4, 5, 6, 7 - t e t r a f luo ro indo le  and 
i t s  homologs.  

N-Alky la t ed  indoles  a r e  gene ra l ly  obtained by the act ion on indole of dia lkyl  sul fa tes  in l iquid ammonia  or  with 
heat ing in aqueous a lka l i  [1]. In the polyf luor ina ted  s e r i e s ,  under  these condit ions the r eac t ion  may  be accompanied  by 
nucleophi l ic  r e p l a c e m e n t  of the f luor ine  a toms.  In this  work we have s tudied the pos s ib i l i t y  of obtaining N-a lky la t ed  
4, 5, 6, 7 - t e t r a f luo ro indo le s  by the cyc l iza t ion  of secondary  N-subs t i tu ted  2 - a m i n o - l - p e n t a f l u o r o p h e n y l a l k a n o l s .  We 
have shown p rev ious ly  that  when 2 - a m i n o - l - p e n t a f l u o r o p h e n y l a l k a n o l s  a r e  heated in d ime thy l fo rmamide  they sp l i t  out 
mo lecu le s  of hydrogen f luor ide  and wate r  and fo rm 4, 5, 6, 7 - t e t r a f luo ro indo le  and i t s  de r iva t i ve s  in good y ie lds  [2, 3]. 

The in i t ia l  amino a lcohols  I I I -XI  were  obtained by the po t en t i a l - con t ro l l ed  e l e c t r o c h e m i c a l  reduc t ion  of 2 - n i t r o -  
1-pentaf luorophenyla lkanols  in the p r e s e n c e  of a carbonyl  compound, e . g . ,  acetone,  cyclohexanone,  fo rmaldehyde ,  
ace ta ldehyde ,  propionaldehyde ,  or  benzaldehyde.  On the bas i s  of l i t e r a t u r e  in format ion  [4, 5], we may  a s s u m e  that 
n i t rones  a r e  i n t e rmed ia t e  r eac t i on  products .  This  is  conf i rmed by the fo rma t ion  of the amino alcohol IX in the 
e l e c t r o c h e m i c a l  reduc t ion  of the n i t rone  II. 
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OH I OH I I  0 O H  IX 

When the r e su l t i ng  amino a lcohols  were  heated in d ime thy l fo rmamide ,  N-subs t i tu ted  t e t r a f luoro indo les  were  
fo rmed .  Under the s ame  condit ions,  with the addi t ion of sodium b ica rbona te ,  the r eac t i on  can be stopped at the 
3-hydroxyindol ine  s tage .  Thus, 2 - (me thy lamino) - l -pen ta f luo ropheny le thano l  y ie lded  4, 5, 6, 7 - t e t r a f l u o r o - 3 - h y d r o x y -  
1-methyl indol ine  which, on be ing  heated with concen t ra ted  hydroch lo r i c  acid,  was quant i ta t ively  dehydra ted  to fo rm 
the indole XIII. 
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The seeondary amino alcohols obtained possess a greater tendency to eycl izat ion than the 2-amino-1-  
pentafluorophenylalkanols which have a p r imary  NH2 group. For  example, the free bases IV and I/'I are converted into 
the corresponding indoles even at room temperature, 

The s t r u c t u r e  of the indoles  obtained was conf i rmed  by the i r  e l e m e n t a r y  ana lyses ,  m o l e c u l a r  weights ,  and 
s p e c t r a  (see Tab les  2 -4 ) .  

EX P E R I M E N T A L  

The IR s p e c t r a  (5~0 solut ions  in CC14) were  r e c o r d e d  on a UR-10 ins t rument .  The IR s p e c t r a  of the indoles  
XII I -XXI  have absorp t ion  bands for  the C - - F  bond (935-1100 cm- l ) ,  a r o m a t i c  C- -N  (1320-1370 cm-1), an a r o m a t i c  
r ing  (1495-1500 and 1513-1542 cm-1) and a l iphat ic  C - - H  (2820-3020 cm-1). The re  is  no absorp t ion  in the 3400-  
3800-cm-1 region .  

The UV s p e c t r a  were  r e c o r d e d  in ethanol on an SP 700 C ins t rument .  The PMR s p e c t r a  ( re la t ive  to 
hexamethyld is i loxane)  and the 19F NMR s p e c t r a  ( re la t ive  to hexaf luorobenzene)  were  r e c o r d e d  in CC14 on a Var ian  
A 56/60A ins t rument .  The 19F NMR s p e c t r a  of XI I -XXI  each contained four mul t ip le t  s ignals  of equal in tens i ty .  
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T a b l e  1.  H y d r o e h l o r i d e s  o f  2 - A m i n o - l - p e n t a f l u o r o p h e n y l a l k a n o l s  

R" W 

VI 

VII 

VIII 

IX 

X 

XI 

III CH3 

IV CH3 

V* CHa 

CHa 

CzH~ 

n-CzHv 

i-C3H7 

CHaC6Hs 

C H  (CH2) 4CH2 
i 

R' 

H 

H 

( H~ 

( H3 

H 

H 

H 

H 

H 

R ~ 

H 

CH~ 

H 

CHs 

H 

H 

H 

H 

H 

Mp,~ 

179---180 

184--186 

86 
(deeomp) 
211--212 

176--177 

172--172 

156--157 

257---25~ 

195--19r 

Empirical formula 

C9HsFsNO �9 HCI 

C,oH,oFsNO �9 HCI 

C,oH,oFsNO 

CuHI~FsNO �9 HC1 

C,oH~oF6NO �9 HCI 

CuH~2FsNO �9 HCI 

CuHI2FsNO �9 HCI 

CIsHI2FsNO �9 HCI 

CI4HI~FgNO �9 HCI 

38.92 

41.45 

47,14 

43.15 

41.09 

42.99 

43.01 

51.01 

48.65 

Found % 

H C1 F 

3.40 12.78 34.23 

3.47 12.1( 32,10 

3.81 - -  37.13 

4.18 11.5~ 31.13 

3.77 12.0~ 32.57 

4.28 11,7:  31.21 

4.06 11,6:  31.14 

3.62 10.2; 26.95 

4.72 10,5', 27.77 

N - C 

5.11 38.91 

4.87 41.15 

5.81 47,11 

4.60 43.17 

4.86 41.15 

4.83 43.17 

5.05 43.17 

4,06 50,88 

4.07 i 48.64 

H 

3.21 

3,77 

3,92 

4,25 

3.77 

4,25 

4.25 

3.68 

4,92 

Calculated, % 

cI F 

12,81 34.21 

12.18 32.59 

- -  37.22 

11.60 31.18 

12.18 32.59i 

I[.60 31.18 

11.60 31.18 

10.14 26.84 

10.26 27.50 

5.05 

4.80 

5.48 

4.57 

4.80 

4.57 

4,57 

3.96 

4.05 

Yield, 
% 

60 

66 

61 

42 

55 

32 

61 

59 

68 

*Free base. 

T a b l e  2 .  4 ,  5,  6,  7 - T e t r a f l u o r o i n d o l e  D e r i v a t i v e s  

t 
R 

XV 

XVI 

XVII 

XVIII 

XIX 

XX 

XXI 

Xt l I !  CHz 

XIV CH~ 

CH3 

CH3 

C~Hs 

n-CaHr 

i-CzH7 

CH2C6Hs 

CH (CH2)(CH2 

H 

H 

CH3 

CH3 

H 

H 

H 

H 

H 

R" 

H 

CH3 

H 

CH3 

H 

H 

H 

H 

H 

Mp, ~ 

100--101 

113--114 

74--75 

145--146 

36--37 

62--63 

55--56 

64 -65  

Molwt, 
from mass 
spectrum 

203 

217 

217 

231 

217 

231 

23I 

279 

217 

Empffical formula 

CgHsF4N 

C~oHrF~N 

CloHrF~N 

CuHgF4N 

C)oHW~N 

C)tHgF4N 

CnH~F4N 

CIsHgF4~N 

C~4HI3F4N 

53.16 

55.39 

55.04 

56.98 

54,88 

57.09 

56.93 ] 

64,78 

62,23 

Hafi~eno, % 

H F N 

2.40 [ 37.47 6,74 

3,23 

3.27 

3.98 

3,18 

3.96 

3,93 

3.21 

4,75 

Calculated, % 

C H 

53.26 2.42 

35,22 6.45 55.35 3.22 

34.96 I 6,75 55.35 3.22 

32.83 / 6.42 57,15 3.89 

34.87 6.72 55.35 3.22 

32.92 6.43 57.15 3.89 

32.76 6.09 I 57.15 3.89 

26.88 4.89 / 64.54 3,22 

28.03 5,54 62.00 4,78 

F N 

37,43 1 6.90 

35.00 6,44 

35.00 6.44 

32.90 6.06 

35.00 6,44 

32.90 6,06 

32,90 6,06 

27,22 5,02 

28.08 5.16 

Yield, 
% 

85 

79 

84 

55 

75 

68 

79 

78 

85 

*XllI and XIV were crystallized from hexane, XV-XVII and XIX-XXI from methanol; XVIII was purified by column chromatography (AI~ O~), bp 119-120 ~ C 
(16 mm)~ n~) ~ 1.4953. 
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T h e  m o l e c u l a r  w e i g h t s  of c o m p o u n d s  X I I I - X X I ,  found  f r o m  the  m a s s  s p e c t r a ,  w e r e  e q u a l  to  t he  c a l c u l a t e d  

f i g u r e s .  

,,,,,,., ,,,,,, ,] 

Indole [" 

T a b l e  3. NMR S p e c t r a  of the  4, 5, 6, 7 - T e t r a f l u o r o i n d o l e s  

PMR spect . . . .  * ppm ~ i  '~-9 F NMR, spectrum,** p pm 

H s Substituents sities i F~ [ FS F6 Fz 

XlIl d 6,82 

XIV s6,58 

XV 

XVI --  

XVlI d 6,97 [ 

XVIII d693 

XIX d 7,08 

xx d6931 
XXI l d 7,07 

dd 6,35 

m 6,08 

dd 6,45 

dd 6,45 

dd 6,53 

dd 6,49 

dd 6,43 

s 2,36 (CHs) 

d 3,82 (CHat), s 2,27 
(CHa 3) 

d 3,75 (CtJ_z~), s 2,70 
(CH2) 

d 3,76 (CHa~), s 2,24 
(CH3 ~ and CH~ ~) 

q 4,28 (CHz), t 1,48 
(CHz) 

t 4 , 1 7  ( c r  s x  1,85 
(~-CHe), ' t  0,90 (CH3) 

m 4,86 (CH), d 1,49 
(CH~)2 

s 5,30 (CH~), m 7,3--7,0 
(~H~) 

m 4,36 (CH), m 2,3--I,3 
(CsHio) 

1:l:3 

1:3:3 

1:3:3 

1:2 

1:f:2:3 

1:1:2:2:3 

1:1:1:6 

i:1:2:5 

1:1:1:10 

- 13.0 

-8.7 

--1t.2 

--6.7 

- -  12.3 

- -  1 2 , 2  

- -  12,6 

--13-0 i 

-12,6} 

+7.9 +4.9 +2,9 

+9,2 +5.0 +2,4 

+8.8 +6.6 +4.6 

+10.31 +6.9 +4.8 

+7.9 +4,5 +3,0 

+7.8 +4.4 i +2.4 
I 

+8.11+4.5 +1,5 
+7.3 1 +3,5 i +1.5 
+8.2 +4,7 l +1.6 

! 
*Abbreviations: s, singlet; d, doublet; dd, doublet of doublets; t, triplet; q, quartet; sx, sextet; m, 

multiplet. 
**Compounds XIII and XIV were recorded in tetrahydrofuran. 

T h e  a m i n o  a l c o h o l s  III and  VH--XI w e r e  o b t a i n e d  f r o m  2 - n i t r o - l - p e n t a f l u o r o p h e n y l e t h a n o l  [2], and  IV, V, and  
VI f r o m  1 - n i t r o - 2 - p e n t a f l u o r o p h e n y l p r o p a n - 2 - o l  [6], 2 - n i t r o - l - p e n t a f l u o r o p h e n y l p r o p a n - l - o l  [3], and  3 - n i t r o - 2 -  
p e n t a f l u o r o p h e n y l b u t a n - 2 - o I ,  [6],  r e s p e c t i v e l y .  F o r m a l i n  (40%) and  f r e s h l y  d i s t i l l e d  a l d e h y d e s  and  k e t o n e s  w e r e  u s e d  
as  the  c a r b o n y l  c o m p o n e n t s ,  

T a b l e  4. UV S p e c t r a  of the  4,  5, 6, 7 - T e t r a f l u o r o i n d o l e s  

Indole kmax, nm lg e 

XIIt 
XIV 
XV 

XVI 
XVII 

XVllt 
XIX 
XX 

XXI 

207, 244, 26I, 286 
215, 248, 269, 289 
212, 250, 263 
197, 217, 258, 273 
210, 246, 263, 278 
209, 246, 262, 278 
209, 246, 263, 278 
209. 244, 262, 276 
209, 246, 264, 280 

4,48; 3.59; 357; 3.46 
4,44; 3.46; 3.46; 3.53 
4,53; 3.69; 3.71 
4,49; 4.46; 3,62; 3.65 
4,32; 3.57; 3,60; 3.53 
4,50; 3,53; 3.56; 3,48 
4,53; 3.57; 3.6t; 3.54 
4,54; 3.64; 3.68; 3,58 
4,54; 3,59; 3.62; 3.58 

R e d u c t i o n  of the  n i t r o  a l c o h o l s .  A m i x t u r e  of 0.02 m o l e  of a n i t r o  a l coho l  and  0.06 m o l e  of a e a r b o n y l  c o m p o u n d  
was  r e d u c e d  in  20 m l  of m e t h a n o l  and  7 m l  of conc  HC1 wi th  the  a id  of a p o t e n t i o s t a t  [7] ( the p o t e n t i a l  of the  Hg c a t h o d e  
was  - 1 . 6 5  V r e l a t i v e  to  SCE).  A f t e r  e l e c t r o l y s i s  f o r  5 h r ,  t he  c a t h o l y t e  was  e v a p o r a t e d  in  v a c u o  and  t he  d r y  r e s i d u e  
was  d i s s o l v e d  in  w a t e r .  T he  a q u e o u s  s o l u t i o n  was  w a s h e d  wi th  e t h e r  and  n e u t r a l i z e d  wi th  10% Na2CO3 s o l u t i o n ,  and  the  
r e a c t i o n  p r o d u c t  w as  f i I t e r e d  off  (XI) o r  e x t r a c t e d  wi th  CC14 ( H I - X ) .  T h e  h y d r o c h l o r i d e  was  o b t a i n e d ,  and  t h i s  was  
c o n v e r t e d  i n to  the  f r e e  b a s e .  To r e m o v e  the  p r i m a r y  a m i n e ,  e x t r a c t i o n  w i th  p e t r o l e u m  e t h e r  ( 4 0 - 6 0  ~ C) was  c a r r i e d  
out .  To avo id  s p o n t a n e o u s  e y l i z a t i o n ,  the  w o r k  w i th  the  f r e e  b a s e s  was  p e r f o r m e d  r a p i d l y  and  wi th  coo l ing .  

2 - I s o p r o p y l i d e n e a m t n o - l - p e n t a f l u o r o p h e n y l e t h a n o l  N - o x i d e  (II) w a s  o b t a i n e d  b y  the  e v a p o r a t i o n  of a n  a c e t o n e  
s o l u t i o n  of 2 - h y d r o x y a m i n o - l - p e n t a f t u o r o p h e n y l e t h a n o l  [3]; y i e l d  96%, m p  1 7 4 - 1 7 5  ~ C ( f r o m  d i c h l o r o e t h a n e ) .  F o u n d ,  
%: C 46 .70 ,  47 .06;  H 3.56,  3.56;  F 33 .31 ,  33.06;  N 4.90,  5.05.  C a l c u l a t e d  fo r  CI1H10FsNO2, ~:  C 46.70,  H 3,53;  F 33.55;  
N 4 .95 .  UV s p e c t r u m ,  Xmax,  n m  ( loge ) :  206,  238 (3.62, 3 .99) .  IR s p e c t r u m ,  c m - l :  1000 s ( C - - F ) ,  1170 s (N ~ O), 
1510 s and  1530 s ( a r o m a t i c  r i n g ) .  T he  e l e c t r o c h e m i c a l  r e d u c t i o n  of II b y  t he  m e t h o d  d e s c r i b e d  above ,  b u t  w i thou t  the  
a d d i t i o n  of a c a r b o n y l  c o m p o u n d ,  g a v e  IX, y i e l d  55%. 

4, 5, 6, 7 - T e t r a f l u o r o - 3 - h y d r o x y - l - m e t h y l i n d o ! i n e  (XII), A s o l u t i o n  of 1.39 g (5 raM)  of III  i n  20 m I  of 
d i m e t h y l f o r m a m i d e  w as  t r e a t e d  w i th  1 .26 g (15 raM)  of NaHCO3, and  the  m i x t u r e  w a s  s t i r r e d  a t  100 ~ C f o r  10 r a i n  and  
b o i l e d  f o r  a b o u t  2 h r .  T h e n  i t  was  d i l u t e d  f o u r f o l d  w i th  w a t e r ,  and  t he  r e a c t i o n  p r o d u c t  was  e x t r a c t e d  w i th  e t h e r ,  a f t e r  
w h i c h  v a c u u m  s u b l i m a t i o n  a t  120 ~ C (12 r a m )  y i e l d e d  0.9 g (82%) of XII,  m p  9 9 - 1 0 0  ~ C ( f r o m  h e x a n e ) .  Found ,  %: 
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C 48.01. 49.21; H 3.12, 3.17; F 34.47, 34.39; N 6.57, 6.73. Calculated for CgHTFcNO, ~o: C 48.90; H 3.16; F 34.39; 
N 6.33. UV spect rum,  kmax, nm (loge): 204, 244, 300 (4.19, 3.92, 3.52). IR spect rum,  cm- l :  990 s (C--F),  1500 s 
and 1525 s (aromatic ring),  2805 m, 2840 m and 2960 m (CH and CH2), 3610 s (OH). The I~F NMR spec t rum (in 
te t rahydrofuran)  contained four mul t ip le ts  of equal in tensi ty  at 9.44, 2.64, -6.07, and -17.70 ppm. 

When XII was heated with concentrated hydrochloric  acid, the indole XIII was obtained in a yield of 98%. 

Cyclizaflon of the amino alcohols.  An amino alcohol hydrochloride,  5 raM, was shaken with 2 ml of concentrated 
ammonia ,  and the free base  was extracted with ether .  The e thereal  ex t rac t  was mixed with 20 ml of 
d imethylformamide,  the ether  was evaporated off with heating, and after 2 hr boi l ing the cyclizat ion product was 
dis t i l led off with s team.  
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