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The nitro group in 1-(pentafluorophenyl)-2-nitroalkanols is reduced selectively to a hydrox- 
ylamino or  amino group by controlled potential electrochemical  reduction. The pentafluoro- 
phenylaminoalkanols cyclize readily on heating in dimethylformamide to give homologs of 
4,5,6,7-tetrafluoroindole. It is shown that the intermediate in the cyclization of 1-pentaflu- 
orophenyl-2-aminoethanol is 3-hydroxy-4,5,6,7-tetrafluoroindoline. Cyclization of 1-penta- 
fluorophenyl-2-hydroxyaminoethan01 gave 1,3-dihydroxy-4,5,6,7-tetrafluoroindoline. 

We have shown recently [1] that heating 1-pentafluorophenyl-2-aminoethanol (I) in dimethylformamide 
gives 4,5,6,7-tetrafluoroindole (I1) in good yield. The reaction proceeds via the intramolecular nucleophilic 
displacement of the ortho fluorine atom [2], followed by dehydration. In order  to demonstrate the general 
nature of this reaction, this paper describes the cyclization of other pentafluorophenylaminoalkanols, the 
mono and dimethyl derivatives of II being obtained in good yield. 

C6F~C(OH)CHNH2 ~ I ~ - ~  -tlF-H20 ~ ,  
R' R H 

R'=H,CH~, CH3; R=CH3,H,CH 3, 

The general nature of the reaction is confirmed by the formation of 2-hydroxymethyl-4,5,6,7-tetra-  
fluoroindole [3] by cyclization of d l -erythro-  or dl- threo-l-pentafluorophenyl-2-aminopropane-l ,3-diol .  

The l i terature method for the preparation of II, by cyclization of diethyl N-(2,3,4,5,6-pentafluoro- 
phenyl)aminofumarate, is of limited applicability by comparison with our method, and it gives lower yields 
of the reaction products. 

In the cyclization of I, we have established that elimination of HF and H20 takes place consecutively, 
and we have isolated the intermediate reaction product. In the presence of sodium bicarbonate, 3-hydroxy- 
4,5,6,7-tetrafluoroindoline (X) is formed smoothly. Compound X is stable in the free state or in alkaline 
solution, but it is readily dehydrated by concentrated hydrochloric acid with the formation of II. The for-  
mation of tetrafluoroindole and its homologs by boiling pentafluorophenylaminoalkanols in DMF is apparent- 
ly explained by the catalytic effect of the hydrogen fluoride, l iberated in the cyclization, on the dehydration 
of the intermediate 3-hydroxyindoline. 

It was of interest  to ca r ry  out the cyclization of 1-pentafluorophenyl-2-hydroxyaminoethanol (XI), 
since there are two possible routes for the nucleophilic substitution of the ortho fluorine atom, i.e., attack 
by the NH or by the OH groups. On heating in DMF with the addition of NaF, XI cyclized at the nitrogen to 
give 1,3-dihydroxy-4,5,6,7-tetrafluoroindoline. The latter readily breaks down on heating, and also on 
t reatment  with mineral  acids, alkalis, or  dehydrating agents (POC13) , and it reduces ammoniacal AgNO 3 
and CuC12 to the metallic state~ It gives a dibenzoyl derivative, and it is reduced by zinc in acid solu- 
tion to II. 
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C6F~CH(OH)CH2NO 2 , ~ CoFsCH(OH)CH2NHO H 2 e - , 2 H +  C~FsCH(OH)CH2NH2 
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The amino alcohols  used as s t a r t ing  m a t e r i a l s  were  obtained by the cont ro l led-potent ia l  e l e c t r o c h e m -  
ical  reduct ion of the ni t ro  alcohols .  Po la rograph ic  reduct ion of the n i t roalkanols  in a base  of R o b i n s o n -  
Bri t ton buffer  solution in 50~ aqueous ethanol showed that the reduct ion proceeded  as f a r  as the hydroxy-  
amino alcohols ,  which were  not fu r the r  reduced  at any pH between 1 and 8. Select ive reduct ion of the in-  
t e r m e d i a t e  hydroxyamino alcohols to amino alcohols without affecting the f luorine a toms was achieved by 
r a i s ing  the potent ia l  of the m e r c u r y  cathode above the hydrogen l ibera t ion  potential  ( -  1.8 V). The upper  
l imi t  of the cathode potent ial ,  which was l imited by a t tack on the f luorine a toms ,  was - 2 . 1  V [5]. 

The e l e c t r o c h e m i c a l  reduct ion of ni t ro alcohols has undoubted advantanges over  chemica l  methods.  
F o r  ins tance,  Engl i sh  authors  [6] fai led to obtain I in the pure  s ta te  by reduct ion of 1-pentaf luorophenyl-  
2-n i t roe thanol  with LiA1H e 

Thanks to the access ib i l i ty  of 1 -pentaf luorophenyl -2-n i t roa lkanols  f r o m  the condensation of penta-  
f luorophenylbenzaldehyde with n i t roa lkanes  [1, 6], or  by the ni t ra t ion of r ing- f luor ina ted  t e r t i a r y  alcohols 
[7], the cycl izat ion of pentaf luorophenylarninoalcohols  is a convenient  p r epa ra t i ve  route to II and its d e r i v -  
a t ives .  

E XPERIME N TA L 

The IR spectra were recorded on CCI 4 on a UR-10 instrument, and the UV spectra in ethanol on an 
SP.700C instrument. The PMR spectra (in CCI O relative to hexamethylsiloxane), and the 19F NMR spectra 
(the solvent is given in the description, the shifts being relative to hexafluorobenzene) were taken on a 
Varian A56/60 instrument. The molecular weights were determined by mass spectrometry. 

l-Pentafluorophenyl-2-nitropropanol (Ill) was obtained by condensation of pentafluorobenzaldehyde 
with nitroethanol by method [7]. Yield 77%, bp 153-154 ~ C (12 ram), n~ 1.4632. Found, %: C 40.21, 40.52; 
H 2.15, 2.23; F 35.26. 35.28; N 5.17, 5.42. Calculated for CgH~FsNO3, %: C 39.90; H 2.21; F 35.04; N 5.17. 
IR spectrum, cm-1: 1000s (C-F), 1510 s and 1530 s (aromatic ring), 1365 m and 1570 s (NO2), 2940 w and 

2990 w (C-H and CH3) , 3540 broad (OHbonded), and 3615 m (OHfree). UV spectrum, Imax, nm (log e): 
204 (4.00) and 264 (3.15). 

l-Pentafluorophenyl-2-aminopropanol (IV). A 13.55-g (0.05 mole) quantity of III in a mixture of 30 
ml of acetic acid and 20 ml of 15% HCI was reduced using a potentiostat [8]. After electrolysis for 6 hr 
with a mercury cathode potential of-1.8 V relative to the saturated calomel electrode, the catholyte was 
diluted with 3 times its volume of water, and washed with ether to remove impurities. The aqueous layer 
was neutralized with an excess of aqueous ammonia, and extracted repeatedly with ether. The ether extracts 
were dried over MgSO4, and evaporated in vacuo to give 9.9 g (82%) of IV, mp 109 ~ C (decornp, from ether). 
Found, %: C 44.44, 44.43; H 3.24, 3.24; F 39.42, 39.15; N 5.99, 6.00. Calculated for CgHsFsNO , %: C 44.81; 
H 3.32; F 39.44; N 5.82. UV spectrum, Imax, nm (log e ): 202 (3.85) and 262 (2.63). Hydrochloride, mp 
256-258 ~ C. Found, %: C 38.75, 38.90; H 3.01, 3.12; C1 12.82, 12.83. Calculated for CgHsFsNO.HCI , %: 
C 38.91; H 3.24; C1 12.81. 

2-Pentafluorophenyl-l-amino-2-propanol (V) was obtained by reduction of 13.55 g (0.05 mole) of 2- 
pentafluorophenyl-l-nitro-2-propanol [7] by the method given above, in a yield of 10.5 g (88%), rnp 58-59 ~ C 
(purified by reprecipitation of the hydrochloride). Found, %: C 44.90, 44.65; H 3.43, 3.36; F 39.52, 39.81; 
N 5.76, 6.00. Calculated for CgH8FsNO, %: C 44.81; H 3.32; F 39.44; N 5.82. UV spectrum, Imax, nm 
(log e): 202 (3.81) and 262 (2.83). Hydrochloride, rnp 182-183 ~ C. Found, %: C 38.94, 38.96; H 3.67, 3.59; 
C1 12.52, 12.55. Calculated for CgHsFsNO- HCI, %: C 38.91; H 3.21; C1 12.81. 

2-Pentafluorophenyl-3-amino-2-butanol hydrochloride (VI) was obtained by reduction of 5.7 g (0.02 
mole) of 2-pentafluorophenyl-3-nitro-2-butanol [7], yield 3.5 g (61%), nap 112-114 ~ C. Found, %: C 41.20, 
41.31; H 3.78, 3.90; F 32.89, 33.06; N 5.15, 5.27; C1 11.99, 11.80. Calculated for CIoHIoF~NO" HCI, %: 
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C 41.15; H 3.77; F 32.59; N 4.80; C1 12.18. The f r ee  base  was unstable  at room t e m p e r a t u r e ,  losing HF and 
H20 and cycl iz ing to give 2 ,3 -d imethy l -4 ,5 ,6 ,7 - te t ra f luoro indo le .  

2 -Methy l -4 ,5 ,6 ,7 - te t ra f luoro indo le  (VII). A solution of 1.2 g(5 m m o l e ) o f  IV in 10 ml  of dry d imethyl -  
f o r m a m i d e  was boiled for  2 h r ,  diluted with th ree  t imes  its volume of water ,  and ex t rac ted  with e ther .  The 
e ther  solution was dried ove r  MgSO4, evapora ted  in vacuo,  and the c rys ta l l ine  res idue  was dis t i l led in 
vaeuo at 12 m m  and 120 ~ C to give 0.84 g (82%) of product ,  mp 140-141 ~ C (f rom hexane). Found, %: C 53.13, 
53.06; H 2.45, 2.45; F 37.63, 37.78; N 6.73, 6.93. Mol wt 203. Calculated for  CgHsF4N , %: C 53.25; H 2.42; 
F 37.43; N 6.90. Mol wt 203. IR s p e c t r u m ,  cm- l :  996 s t rong  (C-F) ,  1346 s t rong  ( C - N  a romat i c ) ,  1500 
s t rong  and 1545 m ed i um  (aromat ic  r ing) ,  and 3485 s t rong  (N-H) .  UV s p e c t r u m ,  Xmax,  nm (log e) :  208 
and 262 (4.51 and 3.77). 19F NMR s p e c t r u m  {in CDC13): 8.95, 6.33, 0.60, a n d - 1 1 . 7 0  ppm. 

3-1Viethyl-4,5,6,7-tetrafluoroindole (VIII) (4 ,5 ,6 ,7- te t raf luoroskato le)  was obtained by cycl izat ion of V 
in 84% yield,  mp 96-97 ~ C (f rom hexane). Found, %: C 52.97, 53.17; H 2.41, 2.38; F 37.39, 37.17; N 6.99, 
6.56. Mol wt 203. Calcula ted for C9HsFtN , %; C 53.25; H 2.42; F 37.43; N 6.90. Mol wt 203. IR s p e c t r u m ,  em-~: 
1008 s t rong  (C-F) ,  1335 s t rong  ( C -  N a romat ic ) ,  1495 s t rong  and 1535 s t rong  (a romat ic  r ing) ,  and 3485 s t rong  
(N-H) .  UV s p e c t r u m ,  Xmax,  nm (log e ): 212,252,  and 265 (4.50, 3.56, and 3.60). The PMR s p e c t r u m  
showed th ree  s ingle ts ,  at 2.32 (CH3) , 6.80 (a -H) ,  and 7.84 ppm (broad, NI-I) with re la t ive  intensi t ies  3 : 1  : 1. 
The 19F NMR s p e c t r u m :  8.50, 3.90, 1.21, and - 8 . 3 3  ppm. 

2 ,3 -Dimethy l -4 ,5 ,6 ,7 - t e t r a f luoro indo le  (IX). A 1.46 g (5 mmole)  quantity of VI was shaken with 3 ml  
of aqueous NH 4 and ex t rac ted  repea ted ly  with e ther .  The e ther  ex t r ac t  was dr ied ove r  MgSO4, evapora ted  
in vacuo,  and the res idue  was cycl ized by the method given above to give 90% of IX, mp 126-127 ~ C ( f rom 
hexane). Found, %: C 55.49, 55.75; H 3.13, 2.87; F 34.85, 35.20; N 6.75, 6.99. Mol wt 217. Calculated for  
C10HTFtN, %: C 55.31; H 3.23; F 35.00; N 6.46. Mol wt 217. UV s p e c t r u m ,  Xmax,  nm (log ~): 216 and 
268 (4.36 and 3.66). IR s p e c t r u m ,  cm-~: 1018 s t rong  (C--F) ,  1335 s t rong  ( C - N  aromat ic )  ,1492 s t rong  and 
1542 s t rong  (a romat ic  r ing),  and 3474 s t rong  (NH). Two signals  were  seen in the PMR s p e c t r u m ,  at 2.22 
(~-  and fl-CH3) and 7.60 ppm (broad,  NH), with re la t ive  intensi t ies  6: 1. ~9F NMR spec t rum:  8.68, 5.37, 
1.77, and - 7 . 0 4  ppm. 

3 -Hydroxy-4 ,5 ,6 ,7 - t e t r a f luoro indo l ine  (X). Cycl izat ion of the amino alcohol I was c a r r i e d  out by a 
s i m i l a r  method,  but with the addition of 0.84 g (10 mmole)  of NaHCO 3. Steam dist i l lat ion of the reac t ion  
mix tu re  gave 86% of X, mp 97-98 ~ C ( f rom water).  Found, %.. C 46.43, 46.30; H 2.47, 2.67; F 36.71, 36.70; 
N 6.84, 7.10. Calculated for  CsHsF4NO , %: C 46.40; H 2.41; F 36.70; N 6.76. UV s p e c t r u m ,  ~ m a x ,  nm (log 

): 198,236,  and 296 (4.34, 3.84, and 3.24). IR s p e c t r u m ,  cm-1.  ~ 980 s t rong  (C-F) ,  1510 s t rong  and 1535 
s t rong  (a romat ic  r ing),  3440 s t rong  (N-H)  , 3620 s t rong  (O-H). ~gF NMR spec t rum:  10.9, 0.71, - 5 . 0 6 ,  and 
- 1 8 . 6  ppm. A 0.21 g (1 mmole)  quantity of X was dissolved in 2 ml  of conc HC1, and af ter  5 min the p r e c i p -  
i tate of the indole II was f i l te red  off, yield 95%. Identified by IR s p e c t r u m  and mixed rap. 

1 -Pen ta f luorophenyl -2 -hydroxyaminoe thano l  (XI) was obtained by reduct ion of 1-pentaf luorophenyl -  
2-n i t roe thanol  [1] by the method desc r ibed  above, at a cathode potent ia l  o f - 0 . 9 5  V, yield 94%, mp 116-117~ C 
( f rom CC14). Found, %: C 39.32, 39~72; H 2.46, 2.26; F 38.85, 38.76; N 5.62, 5.79. Ca lcu la tedfor  CsH6FsNO2, 
%: C 39.50; H 2.47; F 39.10; N 5.76. Hydrochloride,  mp 160-161 ~ C. Found, %: C 34.46, 34.71; H 2.47, 
2.51; C1 12.65, 12.92. Calculated for  CsH6FsNO 2. HC1, %: C 34.34; H 2.51; C1 12.69. UV s p e c t r u m ,  Xmax,  
nm (log e) :  202 and 262 (3.88 and 2.72). 

1 ,3 -Dihydroxy-4 ,5 ,6 ,7- te t ra f luoro indol ine  (:KID. A solution of 2.41 g (0.01 mole) of XI in 25 ml  of 
d ime thy l fo rmamide  containing 0.84 g (0.02 mole) of NaF was heated with s t i r r i ng  for  3 h r  at 110 ~ C. The 
mix tu re  was diluted with wa te r  to a volume of 100 ml ,  sa tu ra ted  with sodium chlor ide ,  acidif ied carefu l ly  
with dil HC1 to pH 3, and ex t rac ted  repea ted ly  with e the r .  The e ther  ex t r ac t  was washed with 0.1-N sodium 
b ica rbona te ,  dr ied ove r  MgSO4, and evapora ted  in vacuo. The c rys ta l l ine  res idue  was washed with ch lo ro -  
f o r m  to give a yield of 63%, mp 135 ~ C (decomp., f r o m  ether) .  Found, %: C 43.25, 43.47; H 2.46, 2.29; 
F 34.25, 33.90; N 6.45, 6.57. Calculated for  CsHsF4NO2, %: C 43.02; H 2.24; F 34.10; N 6.28. UV s p e c t r u m ,  
Xmax,  nm (log e ): 199,244,  and 280 (4.32, 3.72, and 2.05). The ~gF NMR s p e c t r u m  (in te t rahydrofuran)  
contained 4 mul t ip le ts  of equal intensi ty at 2 . 2 7 , - 5 . 4 6 , - 5 . 7 3 ,  a n d - 1 7 . 4 0  ppm. 

1 ,3-Dihydroxy-4 ,5 ,6 ,7- te t ra f luoro indol ine  dibenzoate was obtained by reac t ion  of benzoyl  chlor ide 
with XII, in 5-N NaOH, yield 98%, mp 128-129 ~ C ( f rom hexane). Found, %: C 61.28, 60.92; H 2.88, 3.10; 
F 17.30, 17.52; N 3.21, 3.40. Calculated for  C22H13F~NO4, %: C 61.28; H 3.02; F 17.63; N 3.25. IR s p e c t r u m ,  
era- l :  1020 s t rong  (C--F) ,  1260 s t rong  C - O - C ) ,  1510 s t rong  and 1525 s t rong  (a romat ic  r ing),  and 1730 
s t rong  and 1770 s t rong  (C=O). UV s p e c t r u m ,  Xmax,  nm (log e) :  200 and 232 (4.75 and 4.22). 
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To a solution of 0.22 g (1 mmole)  of XII in 1 ml  of glacial  acet ic  acid and 2 ml  of HC1 was added with 
cooling 0.4 g of zinc dust,  and the mix ture  was shaken for  1 hr .  After  dilution with 2 volumes of water ,  the 
mix tu re  was neu t ra l i zed  with sodium carbonate  solution and the product  was isolated by e ther  extract ion.  
Dist i l la t ion at 100 ~ C (12 mm) gave 0.14 g (72%) of II (identified by IR and mixed mp). 
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