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By 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  reduct ion ,  2 -hyd roxyamino - l -pen t a f l uo ropheny le thano l  has been 
conver ted  in the p r e s e n c e  of n i t rous  ac id  into 1 -hydraz ino-2-pen ta f tuoropheny le thano l ,  which on heat ing in 
d i m e t h y l f o r m a m i d e  f o r m s  1 -amino -4 ,5 ,6 ,7 - t e t r a f tuo ro indo le  o r  1 - a m i n o - 4 , 5 , 6 , 7 - t e t r a f l u o r o - 3 - h y d r o x y i n  
hydroxyindol ine ,  depending on the condit ions.  On be ing  heated with hyd roch lo r i c  acid,  both cyc l i za t ion  
produc ts  a r e  conver ted  into 5, 6, 7, 8 - t e t r a f l u o r o - 1 ,  4 -d ihydroc innol ine ,  which has been oxidized to 5, 6, 7, 8-  
t e t ra f luoroc innol ine .  

We have p r e v i o u s l y  shown that  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  can give 
r i s e  to po lyf luor ina ted  hydroxyamino  a lcohols  o r  amino a lcohols ;  these  compounds have been used  succes s fu l l y  for  the 
syn thes i s  of 4, 5, 6, 7 - t e t r a f luo ro indo le  (I) and i ts  de r iva t i ve s  [1, 2]. 

The p r e s e n t  pape r  d e s c r i b e s  a new method for  obtaining 2 -hyd raz ino - l -pen t a f luo ropheny le thano I  (II) 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 -hyd roxyamino - l -pen t a f l uo ropheny le thano l  (III) in the p r e s e n c e  of 
n i t rous  acid.  I t  i s  a s s u m e d  that  2 - (N-n i t ro sohydroxyamino ) - l -pen t a f l uo ropheny le thano l  (IV) is  an i n t e r m e d i a t e  p roduc t  
of the reac t ion .  

The methods given in the l i t e r a t u r e  [3] fo r  obtaining hydraz ino  a lcohols  may  prove  ineffectual  for  polyf luor ina ted  
de r iva t i ve s ,  s ince  under  the condit ions gene ra l ly  used  for  these  pu rposes  nucleophi l ic  r e p l a c e m e n t  of the f luor ine  
a toms  takes  p lace .  

I t  appea red  of i n t e r e s t  to study the cyc l i za t ion  of the hydraz ino  alcohol  II, for  which r eac t i ons  involving both the 
p r i m a r y  and the s e c o n d a r y  n i t rogen  a toms  of the hydraz ino  group could be expected.  
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When the f r ee  ba se  II was heated in d i m e t h y l f o r m a m i d e  or  in the p r e s e n c e  of sodium b ica rbona te ,  i t  cyc l i zed  at  
the s econda ry  n i t rogen  a tom with the fo rmat ion  of 1 - a mino -4 ,  5, 6, 7 - t e t r a f luo ro indo le  (V) and 1 -amino-4 ,  5, 6, 7-  
t e t r a f l uo ro -3 -hyd roxy indo l i ne  (VI), r e spec t i ve ly .  The s t r u c t u r e s  of V and VI were  conf i rmed  by the i r  chemica l  
r eac t i ons ,  the i r  m o l e c u l a r  weights ,  t he i r  s p e c t r a ,  and the i r  e l e m e n t a r y  ana ly se s .  

The p r e s e n c e  of an H2N--N < group in V and VI is  shown by the fo rma t ion  of benzy l idenehydrazones  whose IR 
s p e c t r a  lack  the absorp t ion  band of the NH group. The PMR s p e c t r u m  of V has th ree  s ignals :  a doublet  a t  6.95 ppm 
(H2); a double t  of doublets  a t  6.25 ppm (H3), and a mu l t i p l e t  a t  4.98 ppm (NH2) with a r a t i o  of the in t ens i t i e s  of 1 : 1 : 2; 
the sp in - sp in  coupling cons tants  (]H~H+= 3.2 HZ and ]~3F?= 2.1 Hz) a r e  c lose  to the va lues  obtained fo r  some other  
N-subs t i tu t ed  4, 5, 6, 7 - t e t r a f luo ro indo le s .  
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The indoline VI reduces  an ammoniaca l  solution of s i lver  n i t ra te  with the format ion of the metal ,  and on 
diazotizat ion and subsequent  heating with ethanol it  forms the indole L The IR spec t rum of the benzylidene derivat ive 
of VI has the absorpt ion band of an OH group and no band of an NH group. 

Another conf i rmat ion of the s t ruc tu re  of V is i ts  r e a r r a n g e m e n t  into 5, 6, 7, 8- te t raf luoro-1 ,  4-dihydrocinnol ine 
(VII). It is known [4, 5] that in acid solution N-aminoindoles  exist  in equi l ibr ium with 1, 4-dihydrocinnol ines ,  and the 
la t te r  can be oxidized to c innol ines  or be reduced to indoles.  In agreement  with this, we obtained 5, 6, 7, 8- 
te t raf luorocinnol ine  (VIII) and the indole I f rom VH. The s t ruc tu res  of VII and VIII were confirmed by their  e l ementa ry  
ana lyses ,  molecu la r  weights, and spect ra .  The IR spec t rum of VII has bands at  (cm -1) 1510 (s) and 1535 (s) (aromatic 
ring),  2870 (w) and 2840 (w) (Ctt and CH2), 1667 (m) (C~N)  and 3428 (m) (NH); the PMR spec t rum of VII contains three  
s ignals ,  a mul t ip le t  at 3.29 ppm (CH2), a t r ip le t  at 6.70 ppm (CH), and a mult iplet  at 7.89 ppm (NH) with an in tens i ty  
ra t io  of 2 : 1 : 1; it  is s i m i l a r  to the PMR spec t rum of the nonfluorinated analog (3 s ignals :  doublet at 3.19 ppm (CH2), 
mul t ip le t  at 6 .4-7 .1  ppm, and a s ingle t  at 7.98 ppm (NH) [6]). 

The spec t ra  of VIII and i ts  nonfluorinated analogs are s imi la r ;  the IR spec t rum of VIII has the charac te r i s t i c  
band of the c innol ines  [6] at 1571 cm-1; the UV spec t rum was somewhat s implif ied and shifted in the long-wave 
d i rec t ion  and i t  contains the absorpt ion band of the N ~ N  group at 394 nm (loge 2.46) that is charac te r i s t i c  for  the 
c innol ines  [in the nonfluorinated analog i t  is  at  390 nm ( log t  2.42) [6]] and, f inally,  the PMR spec t rum has two doublets 
of equal intensi ty ,  at 8.00 ppm (CH), and 9.50 ppm (CH) (both with J = 6 Hz) [in the nonfluorinated analog there are 
three signals:  a mul t ip le t  at 7 .6-7 .9  ppm, a mul t ip le t  at 8 .3-8 .5  ppm, and a doublet at 9.22 ppm (J = 6.0 Hz) [6]]. 

Compound VII was also obtained f rom the indole VI. Like the other 4, 5, 6, 7- te t ra f luoro-3-hydroxyindol ines  [2], 
on being heated with hydrochlor ic  acid VI undergoes  dehydration, apparent ly  to the indole V, which undergoes fur ther  
r e a r r a n g e m e n t  to form VII. 

EXPERIMENTAL 

The IR spec t ra  were taken in CC14 on a UR-10 ins t rument ,  the UV spec t ra  in ethanol on a SP 700s ins t rument ,  
the PMR spec t ra  (relat ive to hexamethyldisi loxane)  and the 19F NMR spec t ra  (relat ive to C6F6) in CC14 on a Var ian 
A 56/60A ins t rument .  The molecu la r  weights were de termined f rom the mass  spect ra .  

Hydrochloride of 2 -hydraz ino- l -pen ta f luorophenyle thanol  (1I). A solution of 12.9 g (50 mM) of 2 - n i t r o - 1 -  
pentafluorophenylethanol  [1] in a mixture  of 30 ml of ethanol and 20 ml of concentrated hydrochloric  acid was reduced 
with the aid of a potent ios ta t  [7] at a potential  of the dropping m e r c u r y  electrode of -0 .95  V re la t ive  to the SCE. The 
resu l t ing  solution of the hydroxylamine III was slowly t reated with a solution of 3.8 g (55 raM) of NaNO~ in  10 ml of 
water  and, with an inc rease  in  the potential  of the cathode to -1 .5  V, reduct ion was continued unti l  the in tensive  
evolution of hydrogen began. After e lec t ro lys is ,  which lasted for 8 hr,  the catholyte was evaporated in vacuo at 50 ~ C, 
and the c rys ta l l ine  res idue was dissolved in 50 ml of water.  The r e su l t ing  solution was shaken for 1 hr with 5.5 ml 
(55 raM) of benzaldehyde and extracted with ether (3 • 50 ml). The e thereal  ext ract  was t reated with 6.3 g (50 mM) of 
oxalic acid dihydrate,  the e ther  was evaporated off, and the benzaldehyde was dis t i l led off with s team.  The c rys ta l s  
that deposited f rom the aqueous solut ion was f i l te red  off, dried,  washed with ether ,  and extracted with 15 ml of 20% 
sodium carbonate  solut ion and 20 ml  of e ther .  Extract ion was ca r r i ed  out three t imes  and then the e thereal  solution 
was dried with MgSO 4 and II was precipi ta ted with gaseous HC; yield 5.7 g (41%) of a substance decomposing at 180 ~ C. 
Found, %: C 34.15, 34.26; H 2.85, 2.90; C1 12.90, 13.00; F 34.56, 34.78; N 9.96, 9.66. Calculated for CsHTFsN20" HC1, 
%: C 34.49; H 2.87; C1 12.75; F 34.10; N 10.04. Benzylidene der ivat ive,  mp 145-146 ~ C (from aqueous methanol).  
Found, %: C 54.70, 54.97; H 3.44, 3.49; F 28.87, 29.00; N 8.56, 8.61. Calculated for C15HllFsN20, %: C 54.58; H 3.32; 
F 28.79; N 8.47. IR spec t rum,  cm -1 (in KBr): 1100 s (C--F) ,  1510 s and 1535 s (aromatic  ring); (in CC14, 0.05%): 
3540 m (NH), 3612 m (OH). UV spec t rum,  ~max, nm (loge): 201, 221, 293 (4.14, 4.00, 4.13). 

1-Amino-4 ,  5, 6, 7- te t rahydrofuroindole  (V). 1.39 g (5 raM) of II was shaken with 2 ml of 20% sodium carbonate 
solution, and the f ree  base  was extracted with ether .  The ethreal  extract  was mixed with 10 ml of dimethylformamide,  
the e ther  was dis t i l led  off, and the res idua l  solution was boiled for 2 hr. The reac t ion  product  was dis t i l led  with s team 
and was purif ied by the prec ip i ta t ion  of the hydr0chloride from solution in CC4; the yield of V with mp 95-97 ~ C (from 
hexane) was 0.57 g (56%). Found, %: C 47.21, 47.31; H 1.78, 1.79; F 37.42, 37.66; N 13.92, 14.09. tool wt 204. 
Calculated for  CsH4F4N2, %: C 47.02; H 1.96; F 37.21; N 13.71. tool wt 204. IR spect rum,  cm-t :  1003 s (C--F) ,  1310 s 
(C--N aromatic) ,  1495 s and 1550 (aromatic  ring),  3380 m (NH2). UR spectrum,  Xma x, nm (loge): 209, 245, 263, 280 
(4.80, 3.51, 3.53, 3.44). The 19F NMR spec t rum contained four s ignals  of equal in tensi ty  at: 7.80, 6.57, 3.45, and 
-11.32 ppm. Hydrochloride,  mp 124 ~ C (decomp). Found, %: C 39.68, 39.98; H 2.07, 1.99; C1 14.68, 14.81; F 31.54, 
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31.49; N 11.65, 11.75. Calculated for  CsH4F4N2" HC1, %: C 39.89; H 2.08; Ct 14.75; F 31.67; N 11.63. Benzylidene 
derivat ive,  rap 136-137 ~ C (from hexane). Found, %: C 62.04, 62.15; H 2.89, 2.92; F 26.08, 25.66; N 9.58, 9.69. 
Calculated for C15HsF4N2, %: C 61.60; H 2.74; F 26.08; N 9.59. IR spect rum,  cm-l :  1005 s (C--F) ,  1300 s (C--N, 
aromat ic) ,  1490 s and 1555 s (aromatic  ring).  UV spec t rum,  Xmax, nm (loge): 202, 224, 266, 332, 345 (4.37, 4.23, 
4.04, 4.25, 4.22). 

1-Araino-4,  5, 6, 7 - te t ra f luoro-3-hydroxyindot ine  (VI). A solution of 1.39 g (5 mM) of II in  10 ml  of 
d imethyIformamide was t reated with 0.84 g (10 mM) of NaHCO~, heated and s t i r r ed  for 10 rain, and then boiled for 
another hour. The reac t ion  mixture  was diluted twofold with water,  the product  was extracted with ether,  the e thereal  
solution was dried with MgSO4 and VI was precipi ta ted in the form of the hydrochloride.  The free base VI was subl imed 
in vacuo at 120 ~ C (12 ram), yield 0.8 g (72%), mp 122-123 ~ C (from CHC13). Found, %: C 43.32, 43.68; H 2.87, 3.00; 
F 33.94, 34.49; N 12.18, 12.29. Mol wt 222. Calculated for CsH~F4N20, %: C 43.26; H 2.71; F 34.22; N 12.61. Me1 wt 
222. IR spec t rum,  cm-1 (in KBr): 1000 s and 1012 s (C--F) ;  1501 s and 1522 s (aromatic  ring); (in CC14, 0.05%): 2860 
m, 2930 m, and 2970 m (CH and CH2), 3370 m (NH2), 3612 s (OH). UV spect rum,  Xmax, nm (loge): 206, 242, 290 
(4.13, 3.78, 3.44). The 19F NMR spec t rum has four mul t ip le ts  equal in in tensi ty  (in tetrahydrofuran):  at 6.63, 0.69, 
-5.65, and -15.70 ppm. Hydrochloride,  mp 200-201 ~ C. Found, %: C1 13.75, ]3.89. Calculated for C8HsF4N20" HCI, %: 
CI 13.80. Benzylidene der ivat ive ,  mp 166-167 ~ C (from CHC13). Found, %: C 58.54, 58.30; H 3.32, 3.40; F 24.83, 24.88; 
N 9.04, 9.01. Calculated for C16H10F4N20, %: C 58.08; H 3.23; F 24.50; N 9.04. IR spec t rum,  cm -1 (in KBr): 1495 s and 
1528 s (aromat ic  ring); {in CC14, 0.05%): 2860 w, 2922 m, and 2990 w (CH and CH2), 3025 w, 3065 w (C--H aromatic) ,  
3611 s (OH). UV spec t rum,  Xmax, nm (Ioge): 200, 228, 327 (4.29, 404, 4.41). 

By heating 0.22 g (1 m~r of VI with cone HC1, us ing the method given below, 0.19 g (96%) of VII was obtained; it  
was identified by i ts  IR spec t rum and a mixed mel t ing point  test.  

Compound VI, 0.11 g (0.5 raM), was diazotized with NaNO 2 in  HC1 solut[on at  0 ~ C, then ethanol was added and 
the mixture  was boiled for half an hour. Steam dis t i l la t ion yielded 0.08 g (83%) of the indole L 

5, 6, 7, 8 -Te t ra f luoro-1 ,  4-dihydroctnnol ine (VII). A mixture  of 0.2 g (1 mM) of V and 2 ml of cone HC1 was heated 
at 90 ~ C for 10 min; s team dis t i l la t ion  yielded 0.19 g (96%) of VII, mp 81-82 ~ C (from hexane). Found, %: C 47.58, 
47.62; H 2.14, 1.89; F 37.13, 36.94; N 13.36, 13.29. Mol wt 204. Calculated for CsH4F4N2, %: C 47.02; H 1.96; F 37.21; 
N 13.71. Mol wt 204. UV spec t rum,  Xmax, nm (loge): 209, 283 (3.94, 3.64). The 19F NMR spec t rum had four 
muIt iplets  of equal in tens i ty  at 4.82, 1.33, -2.70, and -15.20 ppm. 

When VII was reduced with zinc dust in glacial acetic acid with the addition of cone HC1, after  the solution was 
cooled compound I was obtained with a yield of 75%. 

5, 6, 7, 8 -Te t ra f luoroc innol tne  (VIII). A solution of 0.24 g (0.75 raM) of KMnO4 in 10 ml  of acetone was added to a 
solution of 0.2 g (1 mM) of VII in 1 ml of acetone, the mixture  was shaken for 10 min,  and the MnO2 was f i l te red  off. 
The f i l t ra te  was evaporated and the res idue  was dissolved in 2 ml of cone HC1. The solution was washed with ether ,  
diluted with water,  and neut ra l ized  with NH4OH, and then ether extracted 0.13 g (64%) of VIII, mp 107-108 ~ C (from 
hexane). Found, %: C 47.79, 48.01; H 0.97, 0.92; F 37.70, 37.35; N 13.77, 14.03. Mol wt 202. Calculated for CsH2F4N2, 
%: C 47.50; H 0.99; F 37.64; N 13.88. MoI wt 202. IR spec t rum,  cm-X: 1500 s (aromatic  ring),  1571 m (charac ter i s t ic  
band of the c innol ines  [8]). UR spec t rum,  Xmax, nm ( loge ) ( in  cyclohexane): 230, 284, 294, 327, 394, (4.55, 3.27, 
3.29, 3.29, 2.46). The 19F NMR spect rum has two mutt iplets  of equal intensi ty:  one consis ts  of two overlapping t r ip le ts  
(-10.12 and -10.58 ppm) and the second is  the sum of two signals :  a quar te t  of doublets and a doublet having the same 
chemical  shift of -12.40 ppm. 
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