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Condensation of ap-Unsaturated Amines with Perfluoroarenes 

By Jean-Claude Blazejewski and Claude Wakselman,’ C.N.R.S.-C.E.R.C.O.A. 2 5 8, rue Henry Dunant, 
94320 Thiais, France 

Condensation of @-unsaturated amines (enamines, keten ON-acetals, ynamines) with perfluoroarenes (perfluoro- 
benzene, perfluorotoluene, bromopentafluorobenzene, perfluoropyridine) leads to the formation of ketones, esters, 
and amines a-substituted by a perfluoroaryl group. In the case of enamines, C-arylation can be followed by intra- 
molecular N-arylation, giving fluorinated tetrahydrocarbazoles which can then be dehydrogenated by chloranil to 
give fluorinated carbazoles. 

RADICAL addition of perflrioroalkyl iodides to enamincs, 
ynamines, or keten ON-acetals leads to compounds 
substituted by a perfluoroalkyl chain at the a p0sition.l 
I n  other reaction.;, such as the condensations of perfluoro- 
alkenes with enamiries and ynaminesYt3 which produce 
various polyfluorinated rornpouncls, the unsaturated 
amines behave like nucleophilic species aiid are ablc to 
create a JWW carbon-carbon honcl. We describe licre 
their condensations with perfluoroarenrs, compounds 
known to be susceptible to attack by n~cleopl i i les .~.~ 
These reactions result in the introduction of a prfluoro- 
aryl nuclcus rx to a functional group. In thc case of 
enamines the r rwt  ion c i i i  continue and form p l y -  
fluorinated intloles.6 

Condensations with Enal.rzinps.-Condensat ion of t l i e  

enarnines (2) with perfluoroarencs (1 )  leads to compounds 
(4), (6), or (7) (Sclwme 1 ) .  Reactions of A7-cyclohex-l - 
enylpyrrolidine with perfluoropyridine or perfluoro- 
toluene occur a t  room temperature without solvent. 
The fluorinated enamines (3; S = N ,  R = Me) ancl (3;  
X = C-CF,, R = Me) formed by C-arylation of (2) 
(Scheme 1) can be detected by 19F n.m.r. spectroscopy. 
Hydrolysis of the enamines produces the ketones (4; 
X = N, R = Me) (49%) and (4; X = C-CF3, R = Me) 
(4-1 yo). The replacement of tlie fluorine atom pnvu to tlie 
X substituent is in agreement with other nucleopliilic 
substitutions.7 

Perfluorobenzene does not react with enamines at  
room temperature. A t  80 O C ,  however, fluorinated in- 
dole derivatives (6) are produced.s The mechanism 
involves an intramolecular Il:-arylation of the enarnine 
(3) producing the quaternary aninioniuin salt (5 )  
(Scheme l ) ,  dealkylation of wliicli by fluoride ion pro- 
duces (6) and an alkyl fluoride. 

Isolation of 5,6,7,8- tetrafluoro-9- (4-flut)robu ty 1) - 
1,2,3,4-tetrahydrocarbazole (6’a) from N-cyclohex-l- 
en ylpyrrolidine and perfluorobenzene gives proof of this 
mechanism (Scheme 1) .  A similar opening of a cyclic 
ammonium salt by a chloride ion has already been 
observedg Dealkylation of (5’) by a second enamine 
molecule is also possible and can lead to (6%). 

This synthesis of fluorinated tetrahydrocarbazoles can 
be applied to various enamines and perfluoroarenes. 
The results obtained with enamines (2) derived from 

-f Primed numbers refer t o  cases where the nitrogen substituent 
in compounds (6) is different from that in the original enamine (2). 

cyclohexanone are listed in Table 1. Tlie tctrafluoro- 
indoles (9) -( 1 7) prepared from other eiiamines arid p r -  
fluorobenzeiie are summarized in Scheme 2. 

The rcgioselec t i vi t y obser Lred wit 11 perfluoro t 01 ume, 
perfluoropyridine, aiid broiriopcntafluorobenzene is i n  
agreement with an initial C‘-arylation; nucleophilic. 
attack o f  the enanline /xi~~~~~~~~~~~~~~~~~~llllllllllllllllllll to the X groiip occurs 
leading to cornpounds ((if -11). We noticed tliat this 
initial C-arylation is in competition wit11 an initial A’- 
arylation p-odu(-iiig ~ - t l i a l k y l a ~ - r i i n ~ ~ ~ ~ ~ ~ I ~ ~ f l u ~ ~ r o a r e r i e ~  (7). 
The C-vevsirs-N initial arylatiori ratio is very dependent 
on tho nature of tlie di~tlkylariiino-I,ortioii of tiit& erianiinth. 

* r ~ ~ : I ~ l ~  I 
Concl(vwation of cyclolies~tnonc enmnines (2) M it11 

perf uoroarenes ( 1 )  at 80 L’C 
Ni trogcn 

s u h t  i t i i t w  t 
I< 

l‘t 

Et 
M e  

rit 

When perfluorobenzene is condensed wj tli the cnarnine 
(2) this C : X ratio follows the order : dimethylamino 
(60 : 40), niorpholino (75 : 2 5 ) ,  2-pyrrolidyl (81) : 20), 
diethylamino (100 : 0) .  This sequence does not obey thc 
basicity order of the arnines. A similar absence of cor- 
relation between basicity ancl reactivity has already been 
noticed in tlie case of amine condensations with per- 
fluorobenzene.“’ Examinat ion of  the sequence s h v s  
that the rate per cent uf C-arylation increases witli tht: 
steric hindrance of  the dialkylamino-group. On the 
other hand, the intramolecular LY-arylation of the 
fluorinated enamine (3) does not seern very dependent 
on the substituents on the nitrogen atom. 

Fluorinated tetrahydrocarbazoles (G)  or (6’) can btl 
dehydrogenated into fluorinated carbazoles (1 8) by 
chloranil in refluxing benzene (Table 2).  This sequence 
constituted a convenient and sliort synthesis of  1,2,3,4- 
tetrafluorocarbazoles from readily available startirig 
materials. Other syntheses involve the cyclisation of 
elaborated fluorinated compounds.8b,c* 

Tlie photochemical transformation of AT-niethyl-N- 
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(perfluoropheny1)aniline was described *k after pub- 
lication of our preliniinary iZ recent 
report sliows that it is not pussiblc to replace perfluoro- 
p yr idi ne by perc 11 lor o p y I- i ( 1 i I I c i 11 su c 1 I cc ) n d e I i sat ion 5 
with eriarni nes. * 

Coirdcwstrtiou 21 ti//? Kdcu OK-:4 cc~ttrls. - K c b i t c * t  i c  ) i i  of 

/ 

F F 

Ff-J--- 
b ;  X=C-F, 

R = [CH2]~ - 1 - pyrroiidyl X \  
C ;  X = C-F, F I  

R 
(18) 

R = [CH2]20[CH2]2-morpholino 

d ;  X = C F , R = M e  

e; X =CF,  R E t  

f ; X = C-CF,,R = Et 
9; X = N , R = E t  

h ;  X = C-Br,R=Me 

S c k i e h i E  1 Condensation of cyclohexanone emamines with per- 
f?pagpi?ts: i, €I3()’ ; Huoroarencs (X = C-F. C-Br, C-CF,, N). 

i i ,  rcflux; i i i ,  chloranil in refluxing bcnzcxne 

1 -cthoxy-i~N-diniethyl vinylamine (19) with Iiexafluoro- 
benzene at 80 “C only leads to 0 and A’-arylation pro- 
ducts. Pentafluoropyridine, the more reactive, con- 
denses a t  0 “C ; hydrolysis leads to the ester (23) (Scheme 

Condoasation with Y naznines.--After hyclrolysis, con- 
3).  

TAT3LE ?J 

1,2,3,4-Tc.t~~~fluorocarl>;lzoles ( 18) 

Coin-  Yield M.p.  ---A- - r--- 7 

( 1  Sa) R 1 6%- 6 1  . 3  3.9 30.3 4.5 61 .:1 3.9 30.3 4.5 

Found ((yo) Required (?$) 

pound (‘x,) (’(*) (: 11 F N C I 1  F N 

58.5 

127 ‘’ 

81 

(ISL,) 85 120-- 01.9 2 .8  29.5 6.4 G 1 . 7  2 . S  30.0 5.5 

(IS(,) 82 80- 02.9 3.5 28.4 5 . 2  62.9 3.4 28.4 5 .2  

fl T.it.,8’; 110 -1 12 ‘ C .  

tlensation of tlie perfluoroareries with NN-dietliylyrop-1- 
viiylaniine (24) leads to the aniides (25) (Scheme 4). As 
far as we know this reaction is the first example of an 
yiiarnine arylation. Until now, attempts to alkylate 
ynnmines have produced complex mixtures because the 
intermediate keten immoiiium compound is a very 
rtmtive s p e c k  which condenses with a second ynaniinc 
i i i o l ~ u l e . 1 ~  In  tlic case of tlie arvlatiori o f  (24) by 
I)c’r11~iorO;Ir~.ncs, tlw kchten iininonium cmipouncl (9;) 

(8) R1=Me,R2=R3=H, Z =CH2 

(10a)R1=R3=H, R2=Me, Z = C H 2  

(10b)R’=R2=H, R3=Me, 2 =CH2 
(12) R’=R2=R3=H, Z=NMe 

RZ 

(lla)R’=R3=H, R2=Me, Z = C H 2  

(llb) R’=R2=H, R3=Me, Z = C H 2  

(13) R’= R2=R3= H,  2 = NMe . 

(14) R’ = M e . R 2 = E t  (15) R’=Me,R2=Et 

(16) R‘ = E t ,  R2=H (17) R1=Et ,R2= H 
SCHEME 2 Condensation of various enainincs with perfluoro- 

benzene. a: Compounds ( I l a )  and (1111) are obtained in the 
ratio 4 : 1 
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t 
(25 1 (27) 

a;  X = C - F  
b; X = N  
C; X = C - C F ,  

S c m m  1 ('ontlcn5ntion C J f  ynamincs witli 1~"rfluoro;ircnc.;. 
z?eag"Lt: i, lI,O+ 

R SI'ERI M E NTAL 

lH K.m.r. spectra were recordetl on I'erkin-ISlnier T< 24 A 
or JEOL C 60 HI, spectrometers. 1 9 F  X.ii1.r. spectra were 
recorded on JEO1, C 60 HT, or Bruker- \C'H!)O instruments 
with perfluorobenzene as internal reference. T .r.  spectra 
were recorded o n  a Perkin-Elmer 167 spectrometer. G.1.c. 
w:tS perfornied on ;L Varian Aerograpli 920 chromatograph 
(10 ft x 3/8 in column of :30°d SE 30 on Cliromosorb PAW 
45-60 mesh a t  180 "C). Mass spectra nere talien on AEI 
11s SO or VG Micromass 70-70F spectrometers. 

2-(P~vfluovo-l-~yvidyl)cycZoI~exnno7ze (4 ; ,Y = N) .--iV- 
Cyclohes- 1-enylpyrrolidine (8.6 g, 57 in i i i o l )  lvas ;icltled 
dropwise \Tit11 stirring to perfluoropyritline (4.3 g, 25 nitnol). 
The mixture was extracted using n-pentane to give a crude 
product (10.7 g). After hydrolysis [lOs-H,SO, (20  nil)], 
extraction (Et,O), and drying (MgS04), the product was 
eluted on a silica gel column using benzene. Sublimation of 
the residue (40 "C a t  10 mniHg) gave the lzetorze (4; S = S)  
( 3  1 g, 4Uo,) (Found: C, 53.5; H, 3 .7 ;  l;, 30.5; N, 5.7. 
C,,H,F,NO requires C, 53.4; H, 3 .7 ;  F, 30.7; X, 5.70/), 

21.3  p.p.ni. (2 F, 3- and 5-1:); SII 1.8-2.6 (8 H, cyclohesane 
ring) and 4 2 (1 H,  2-H); v ~ , , ~ ~ ~ .  (CCI,) 1 (i42 and 1 727 mi-';  
nz/e 247 (C,,H,F,KO+', 100%). 

2- (Pevf7uovo-p-tolyl) cyclohexanowe (4 ; S = C-CFJ .--A 
mixture of yerfluorotoluene (3.5 g, 15 niniol) and ,V-cyclo- 
hes- 1-enylpyrrolidine (4.5 g, 30 niniol) i m s  stii-red a t  rooin 
tcriipt~ature for 1 11 ;iml then Iiytlrolysed [:<x-Ff('l (30 i i i l)] .  

111.p. 81-81.5 u c ;  E+ ( c r q )  - w r  ( 2  i;, 2- anti 6-r:) anti 

Coutleusatiow of X-C~dohex- l-enylpyrvoZidi*ze ulitJh Per-  
pztovobcn:.el.ie.-iZ iiiisture of N-cyclohes-l-enylpyrrolidine 
(3i g ,  245 iiiiiiol) antl pcrfluorobenzene (22.3 g, 120 mol) was 
rcfluuetl : t i i d  stirred for 24 h. After cooling to roo111 
tenlperatiiw, the iliisture was hydrolysed iION-H,So,  
(100 nil) 1 ,  cxtrxtctl  (ICt20) ,  antl driecl (MgSO,). Removal 
of the solvent in vncuo yielded crude product (26.7 g). 
l~iilb-to-bidl) distillation (bath teniperature 80 "C; 10 3 

111 111 Hg) o f  this inaterial gave N-  (perfluorop1ienyl)pyrrolidiiie 
(3.27 g ) ,  itleiitifrecl by comparison ( I T  and IH n.1n.r.) with 
an :tutlicntic sainple.13 The residue of the distillation was 
cdutctl 011 a silica gel column using benzene ancl sublimed 
(90  "C at 10 J mniHg) to give F,(i,7,8-fetra~zioro-9-(4-fEuoro- 
bulyZ)- 1,2, 3,~-tetruhyclvocrc~ba~ole (G'a) ( 16.95 g, 45%) 
(1;ounil: C,  60.4; H, 5.2;  I;, 30.1; N, 4.6. C,,H,,F5N 
requires C,  60 .6 ;  €1, 5.1 ; F, 2!1.9; N, 4.4%), 1n.p. 47-48 "C; 
XF (CM'l,) --G.!I ( I  I+', 5-F), 3 .3  ( 1  F, 8-17), 7.0 (1 F, 7-F), 
10.2 ( 1  l;, 6-F), and 54.7 p.p.m. (1 F, 4'F) (J5-F,6-P 20.9, 

20.4, Js--r;.. lt(:~r2 0.9, J 4 g - ~ , 4 * ~ ~ a  45.9, and J4J-Fv3)-CH, 26. I 
Mz); Sll (C*l)C13) 1.87 (8 H, 2-, 3-, 2'- and 3'-CH,), 2.71 (4 H, 
1- :ind 4-CH2), 4.09 ( 2  H,  1'-CH,), and 4.49 p.p.ni. (2 H,  

'l'he aqueous phase was saturated with socliuin carbonate 
and continuously extracted using n-hexane to give a basic 
fraction (1 1.84 g).  Bulb-to-bulb distillation (bath tem- 
perature 70 "c' ; 10 mmHg) of the inaterial gave unidentified 
iion-fluorinatctl products (2.77 g), which had a strong ainine 
odour. Tlie residue from the distillation was first eluted 
with dichlorolnethane from an alumina column and then 
treated with ;t 50% solution of perchloric acid in absolute 
inetlianol. Several recrystallisations ( -20  "C) in 1 : 1 : 1 
nietlinuol-<liethyl etlier-n-pentane gave 5,6,7,8-tetrafluoro-9- 
14- ( 1 -pyvrolidylbutyl)]- 1,2,3,4-tetvahydrocarbozoliuln Fey- 
cldovute ( G ' b  ; perchlorate) ( 1.5 g, 2.7 "/) (Found : C, 5 1.7 ; 
H, 5.3; F, 15.8; N, 6.0. C,,H25ClF,N,0, requires C, 51.2; 
1-1, 5.4; F, 16.2; N,  6.0%); m.p. 165-166 "C (decomp.); 

for this compound and all other tetrafluoro-tetrahytlro 
carbazolcs very similar to 8~ for (6'a); 8~ (CD,COCD,) 
1.8-2.2 (12 H, 3- and 3-CH2, butyl CH,CH,, and pyr- 
rolidyl), 2 77 (4 H, 1- and 4-CH2), 3.58 (6  H, butyl NCH, and 
pyrrolidyl), 4.24 (2 H, SCH,), and 5.13 (1  H, NH'); m/e 
36% (T201124F4N,+', 100%). 

~-(6,7,8,l)-letrafluovo-2,3,4,5-tetral~ydro-9-cnrbazolyZ)ethyl 
2-;2irovpIiolinoetliyl Ether ( 6 ' ~ ) .  Procedure A .-A mixture of 
N-cyclohes- l-enylmorpholine (1 1 g, 66 mmol) and perfluoro- 
berizerie (5.58 g, 30 miiol) was refluxed and stirred for 24 11. 
-2fter cooling to room temperature, the mixture was 
liydrolysed with 10~-H,sO, (50 ml) extracted (diethyl 
ether), and the ethereal layer discarded. The aqueous 
layer was basified (NaHCO,) and extracted with dichloro- 
nietlmne. Drying of the organic extract (MgSO,) and 
rcniov:tl of thc solvent gave the crude product (2.25 g). 

J.$-$',7-1? 3.0,  js-hl.8-B 15.4, J6-F.7-P 20.3 Js-P.8-F 4.4, J7-F.8-F 

4'-C132); I N / E  3.17 (C16H16F5Nt*, 100%). 
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Sublimation (80 "C a t  lo-, nimHg) gave the ether (1.83 g,  
lSoh) (Found: C, 59.9; IT, 5 9 ;  F, 19.0; N, 6.8.  C,,H,,- 
F,?;,O, requires C, 60.0; 13, 6 .0;  F, 18.9; N, 7.09/,), n1.p. 
91- 92 "C; 611 (CDCI,) 1.86 (4 H ,  carbazolyl 3- am1 4-CH,), 
2.42 (6  H ,  ether and tnorphilino OCH,), 2.75 (4 H, carbazolyl 
2- ancl 5-CH,), 3.50 (2 H, ether OCH,), 3.65 (6  W, ether and 
inorpliolino SCH,), antl 4.27 (2 H, N-CHz) ; mje 400 
(('20H,41:4N202 I * ,  50/,) antl 100 (C,H,,NO 

(Tid). Yroceduve 23.-A mixture of NN-dimethylcyclohex- 
l-enylaniine (7.5 g, 0.061 mol) and perfluorobenzene 
(5.69 g, 0.030 6 mmol) was refluxed and stirred for 18 h .  
After cooling t o  room temperature, the  mixture was poured 
into LON-H,SO, (20 ml) when crystals were precipitated. 
These were filtered off and then dissolved in  diethyl ether, 
washed with distilled water, and dried (MgSO,). Removal o f  
the  solvent and sublimation (80 "C at lo-, mniHg) gave the  
carbazole (Bd) (4.82 g, 61%) (Found: C, 61.0; H, 4.3; F, 
29.5; N, 5.3. C13H,,I;4K requires C, 60.7; H, 4.3; F, 
29.5; N, 5.4%); m.p. 119-119.5 "C; 611 (CDCl,) 1.85 (4 H, 
2- and 3-CH2), 2.65 (4 H, 1- and 4-CH2), and 3.67 (3 H, 
9-CH3) ; rn/e 257 (Cl,H,,F4N+*, SOYo)  and 229 (C11H7F4NT', 

9-Ethyl-5,6,7,8-tetrafluoro- 1,2,3,4-tetrahydrocarbazole (6e). 
-Using Procedure B, NN-diethylcyclohex- l-enylaniine 
and hexafluorobenzene, refluxed for 90 h, gave the car- 
baxole (6e) (75(y0) (Found: C, 62.2; H, 4.8; F, 28.1; N, 5.0. 
C14H,,F4N requires C, 62.0; H, 4.8; F,  28.0; N, 5.20/,); 
1n.p. 120-121 "C; 6~ (CDC1,) 1.32 (3 H, NCH,CH,), 1.87 
(4 H ,  2- and 3-CH2), 2.72 (4 H, 1- and 4-CH2), and 4.14 
(2 H, NCIf,CH,); rn/e 271 (C14H13F4N+', 980&), 243 
(C12H9F4Ni*, 89), and 215 (C,,H,F4N+', 100). 

9-Ethyl-6,6,8-trifluoro-7-trifluuro~et~~yl- 1,2,3,4-tetrahydro- 
carbazole (6f) .-Prepared in 86% yield from perfluoro- 
toluene arid NN-diethylcyclohex-l-enylamine using Pro- 
cedure H,  except tha t  the  crystals were dissolved in CHCl,, 
(reflux time, 36 h), the carbazole (6f) (Found: C, 6.0; H, 4.1; 
F, 35.4; N, 4.4. C15Hl,F6N requires C, 56.1 ; H, 4.1 ; F, 
35.5; N, 4.4%) had m.p. 77-77.5 "C; 6~ (CDCI,) -107.7 
(3 F, 7-CF,), -14.3 (1 F, 8-F), -7.7 (1 F, 6-F), and - 6 . 5  

J 6 - t y " , g - ~  6.2, J~-F.(:F, 21.7, and J ~ - F , ~ F ,  24.3 H z ) ;  6 ~ .  
JCDC1,) 1.33 (3 H, NCH,CH3), 1.88 (4 H, 2- and 3-CH,), 
2.75 (4 H, 1- and 4-CH2), and 4.19 (2 H ,  NCH,CH,); m / e  

F,N+, 31), 293 (C,,H,F,N+', 97), and 265 (Cl,€15F,N+', 

9-EtJzyl-1,3,4-trifluoro-5,6,7,8-tetral~ydro-P-carboline (6g) .- 
Prepared in 61 yo from perfluoropyridine and NN-diethyl- 
cyclohex- l-enylamine using Procedure B, except t h a t  the 
mixture was kept for 1 h at room temperature before 
refluxing (24 h), the  crystals were dissolved in CHCl,, and 
the product was eluted on silica gel (benzene) prior to 
sublimation at 100 "C and 5 x lo-, mmHg; the  P-carboline 
had m.p. 154.5---155 "C (Found: C, 61.1; H, 5.2; F, 22.4; 
N, 11.1. C13IP13F3N2 requires: C, 61.4; H ,  5.1; F, 22.4; 

and 0.3  p.p.m. (1 F, 4-F), (Jl-p.3-p 13.4, J,-F.~-F 30.1, and 

(4 H, 6- and 7-CH,), 2.7 (4 H, 5- and 8-CHz), and 4.08 (2 H, 
KCH2CFl,) ; m / e  254 (C,,H,,F,N,+', 100%). 

7-Bvoino-5,6,8-tvifluo~o-9-unet~iyl- lI2,3,4-tetrnhydrocarbazole 
( B h )  . Pvoceduve C.-A mixture of bromopentafluoro- 
benzene (30 g, 0.10 mol) ancl NN-dimethylcyclohex-l-enyl- 
amine (30 g, 0.24 mol) was refluxed and stirred for 24 h. 

100). 
,5,6,7,8-l'etr~cfi7uoro-9-~netlayl- 1,2,3,4-tetrn~iydrocarbazole 

100). 

p.p.m. (1 F, 5-F) (J~-F.B-F 21.7, J5-F,t3-F 17.3, . J 5 - ~ 7 . ~ p ,  21.7, 

321 (C,,H,,F,N' *, 28%), 306 (C,4H,oF,N ', 48) 302 (C15H13- 

100). 

3,  l l .006);  SF (CDCl,) -70.0 (1 F, 1-F), -48.7 (1 F, 3-F), 

J 3 - 1 7 , 4 - ~  20.6 H z ) ;  6~ (CDCl,) 1.32 (3 H, NCH,CH,), 1.85 

After cooling t o  room temperature, the mixture was 
hydrolysed with ~ON-H,SO, (100 ml), extracted (CHCl,), 
dried (MgSO,), and sublimed (80 "C a t  lo-, mmHg) to give 
the  cavbazole (611) (33.59 g, 87%) (Found: C, 49.2; H, 3.5; 
Br, 25.0; I;, 18.0; N,  4.5. C1,H,,BrF,N requires C, 49.1; 
H, 3.5; Br, 25.1; F ,  17.9; N, 4.40/,), m.p. 141 "C(deconip.); 
833 (CUCI,) -26.5 (1 F, 8-F), --l5.8 (1 F, 6-F), and -7.2 

and J 8 - p , , - ~ H ,  2.8 €12; 8E (CDC1,) 1.83 (4 H ,  2- and 3-CH,), 
2.63 (4 H ,  1- and 4-CH,), and 3.62 (3  H ,  9-CH3); wz/e 317 
(C ,,H ,,79Br F,N+', 1 00 ;(, ) . 

mole (9). Prepared from the enamine (8) by Procedure B 
(reflux time, 20 days; yield 287/,), the  carbazole (9) had n1.p. 
99-99.5 "C (Found: C, 62.1; H, 4.9; F, 27.6; N, 5.0. 
C,,H,,F,N requires: C ,  62.0; H ,  4.8; F, 28.0; N, 5.2%); 
FiH (CDCl,) 1.26 (3  H, 1-CH,), 1.81 (4 H, 2- and 3-CH2), 2.74 
(3 H, l-H and 3-CH2), and 3.71 (3 H, 9-CH3); wile 271 
(Cl4H,,F4X+*, 6406) and 286 (C1,H,,F4N', 100). 

5,6,7,8-Tetvafluoro-2,9- and -4,9-dinzethy1-1,2,3,4-tetm- 
l~ydrocarbazole ( 1  l a )  and (1 lb) .-Prepared from perfluoro- 
benzene and the enamine (10) using Procedure C, except 
t h a t  the product was elutecl on silica gel (benzene) prior to 
sublimation (reflux time 115 h ;  yield 76%), the  two isomers 
were obtained as  a 4 : 1 mixture (L~ound: C, 62.1; H, 4.9; 
F, 28.0; N, 5.1. ClpH,,F4N requires C, 2.0; H, 4.8; 12, 
28.0; N, 5.2%; m / e  271 (C14H,,F4N I * ,  820/,) and 256 (C13Hio- 
F4Ki-, 100). The isomer (Ila) showed 6E (CDCl,) (3 H, 
2-CH3) and 3.67 (3 H, 9-CH,); isomer (Llb) showed aR 
(CDCl,) 6 1.24 (3 H, 4-CH,) and 3.64 (3 H, 9-CH3). 
5,6,7,8-Tetrafluoro-3,9-dinzethyl- 1,2,4-trihydro-3-azacarb- 

azole (13) .--Prepared from perfluorobenzene and the 
enamine (12) using Procedure A, except that the  product 
was eluted on alumina (pentane) prior t o  sublimation 
(reflux time 1 7 0  11; yield 15%) the  aza-carbazale had m.p. 

C13H12F4N, requires C, 57.1; H, 4.4; F, 27.5; N, 10.2%); 
Ba: (CDC1,) 2.52 (3 H, 3-CH3), 2.77 (4 H, 1- and 2-CH,), 3.61 
(2 H, 4-CH,), and 3.70 (3 H, 9-CH3) ; nz/e 272 (C1,HlZF4N,+', 
24%) and 229 (C11H,F4N t* ,  100). 

1,2-Diethyl-4,5,6, 'I-tet~afluoro-3-~nethylindole ( 15) .-Pre- 

p.p.1". (1 I?, 5-1') (J5-F.6-F 20.6, JS-F.8-F 15.2, .fG-F,8-F 5.3 

5,6,7,8-Tetraflzaoro- 1,g-dirnethyZ- 1,2,3,4-tetrahyd~ocurb- 

100-101 "C (FouIld: C, 57.3; H, 4.4; F, 27.9; N, 10.3. 

pared froni perfluorobetkene and the enatnine '( 14) using 
Procedure B: except tha t  sublimation was carried o u t  a; 
40 "C (reflux time 145 h ;  yield 58%)  the indole had m.p. 

C,,Hl,F4N requires C, 60.2; H ,  5.0; I;, 29.3; N, 5.4:4,); 

(3  H, 3-CH3), 2.67 (2 H, 2-CH2), and 4.13 (2 H ,  NCH,); m/e 
259 (C,,H1,F4N+w, 65%) and 244 (C,,H,,F4Nf', 100). 

1,3-Diethy1-4,5,6,7-tetraJluo~oindole ( 17) .-A mixture of 
NN-diethylbut-l-enylamine (16) ( 5  g, 39 mmol) and per- 
fluorobenzene (3.6 g, 19 mmol) was refluxed and stirred for 
113 h. The mixture was cooled and extracted with pen- 
tane. After removal of the solvent, the remaining product 
(4.59 g) was heated at 150 "C for 120 h, then hydrolysed with 
~ON-H,SO, (20 nil) and extracted with diethyl ether. 
After drying (MgSO,) and removal of the  solvent, the 
product was eluted on an alumina column (pentane) and 
sublimed (30 "C a t  5.10F3 nimHg) t o  yield the indole (17) 
(0.33 g, 7Yb) (Found: C, 59.0; H ,  4.6;  F, 31.0; N, 5.8. 
CI2Hl1F4?4 requires C, 58.8; H ,  4.5; F, 30.9; N, 5.70/), 
m.p. 76-76.5 "C; 8H (CDCl,) 1.23 (3  H, 3-CH2CH,), 1.40 
(3  H,  L-CH,CH,), 2.73 (2 H, 3-CH2), 4.15 (2 H, 1-CH,), and 
6.70 (1 H, 2-H); ?n/e 245 (C,,H,,F4N", 5.3'7;) and 230 
( C,,K,F4N , 100). 

59-59.5 "C (Found: C, 60.3; H, 5.1; F, 28.9; N, 5.6. 

(CDCIJ 1.03 (3 H ,  Z-CHZCH,), 1.33 (3 H, NCHZCH,), 2.27 
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9-A lhyZ-1 ,2 ,3 ,4 - t c t ra~uo~oc~~~azoZes  (18).-Chloranil (9 g, 

37 nirnol) was :tclded to a solution of compound (6) (1 1 nimol) 
in dry toluene (20  ml). The mixture was refluxed for 48 1 1 ,  

coolcd to room temperature, and the precipitate was 
filtered off and washed with pentane. The filtrate and 
washings were then washed with 20°(, aqueous NaOH ancl 
distilled water. :\fter drying (RlgSO,) ancl rernoval of tlie 
solvent, the residue was sublimed (80 "C a t  10 mmHg) to 
yield the cnvba,,oZes (18) (Table 2). Compound (18a) 
showed SF (CDCI,) [tl'pical for all conipounds ( IS) ]  -- 13.8 
(1 F, 4-F), -1.4 ( 1  F, 2-€;), 2.3  ( 1  F, 1-F), 8.0 (1  F, 3-F), and 
56.0 p p . n ~ .  (1 F, 4'-F) ( J ~ - F , ~ - F  19.8, J~-F.~. .F 4.6,  J I -F , , -P  

J4,.~.3'-c11,, 26.1 Hz);  BH (ClXl,) 1.2- 2.0  (4 H, 2'- antl 

5,G,7-H), and 7.9 ( 1  H ,  8-H); w / e  313 (C,61-l121~5X ' * ,  3 8 O , , )  
and 252 (C13H,F4Nt, 100); v,,,,~. (CC1,) 1 6 1 0  and 3 030 cm l .  

Compound (1%) had (CUCl,) 3.76 (3 H ,  !KH,), 7-7.5 
(3 H ,  5-, 6-, and 'i-H), and 7.87 ( 1  H, 4-H);  77i/e 253 (C13H7- 
F,S", ; v,llax. (CCl,) 1 610 and 3 032 cni 1. Coiii- 
pound (18c) had Skr (CDCl,) 1.34 (3 H, SCH2CH,), 4 23 ( 2  H ,  
S C H , ) ,  7--7.6 ( 3  H, 5, 6-, and 7-H), and 7.97 ( I  H, 4-14); 
i n / e  267 (Cl,HgF4S ., 64':/0) ant1 252 (C1,H,17;,N", 100). 

Condemation of l-Etho,t-y-l\'~--diiizethyZvinyln~izine (1  9) .- 
(a) With fievfi7.utirollenzPn~. A mixture of perfluorobcnzenc 
(5 g, 0.027 mol) and (l!)) (6.18 g, 0.054 inol) was reflused for 
1 0  11. After cooling to  rooni temperature, the mixture was 
extracted with pentane ancl the extract hydrolysed witli 
lOx-H,SO (20 nil). After extraction (Et,O), drying 
(MgSO,), anti distillstion (50-60 'C, 1 0  nimHg), the pro- 
duct was elutccl on silica gel (pentane) to give 2,3,4,5,6- 
~~eiitafluoroplierietole ( 2 0 )  (3 .3  g,  589;,), identified by  c011i- 

parison (191; and  IH 1i.m.r.) with an autlientic saniplc, 
and NN-tliiiiethvli,eiitnflu(~r~)aiIiline (21) ( I . 2  g, 2 1 O o )  

identified b y  comparison o f  its spectral c1iar:tcteristics witli 
those published.'j 

(b) With perjluovopyridine. Compound ( 1  9) (6 .3  g,  
0.056 mol) was added dropwise to perfluoropyridine (4 .6  g, 
0.02T niol), cooled in an  ice-bath. The mixture was then 
extracted with pentane to give a crude product ( 7 . 9  g) 
which was hyclrolysed by 10~-H,S0 ,  (20 nil). After extrac- 
tion (Et,O) ant1 drying (MgSO,), the product was distilled 
on a spinning band (Perkin-Elmer pI.l 131 T) to give 4- 
ethoxy-2,3,5,G-tetrafluoropyridine (22) (0.3 g, 6%), b.p. 
78-88°C a t  28 mniHg, and 2,3 , r j ,6 - te t r~~~uoro-4-~yvzdyZ 
ricetale (23) (3.2 g, 50"4)), b.p. 110-112 "C a t  28 mmHg 
(Found: C,  45.5; H, 3 . 1 ;  17, 31.9; rcT, 6.0. C,H,€,NO, 
requires C', 45.5; 13, 3.0; I;, 32.0; N, 5.07{ , )  ; 81~ (CCI,) 
- 7 2 . 2  ( 2  I;, 2- and 6-1;) antl - 19.7 p.p.iii. (2' F, 3 -  and 5-1;); 
aH (CC1,) 1.27 (3 H,  CO,CH,CH,), 3.75 (2 H, CH,CO,Et), 
and 4 13 ( 2  H, CO,CH,);  ni/e 237 (C91-171;4N02' , 35:: , ) ,  2 0 0  
(C,W,F,NO, *, Y o o ) ,  192 (C',H,F4NOi, 39), 165 (C,H,T;,S", 
85), and 164 (C,H,F4Nt, 1 0 0 ) ;  villas, (CCl,) 1 647 an t1  
I 747 cni-l. 

Condensation of N X - d i e t h y l p o p -  1 -ynyln;Maine (24) .-(a) 
With fievfluorobeuzzene. A mixture of hevafluorobenzene 
(5.58 g, 0 03 mol) and (24) ( 3  33 g, 0.03 mol) was re- 
fluxed for 2 h. After cooling to room temperature, the 
mixture was hydrolysed by lON-H,SO (20 nil), extracted 
(Et,O), and dried (NlgSO,) to give a crutle mixture (6 4 g )  
c on t aining ( 19F n . i n .  r. ) 80 o f  NN-die thy  Z- 2- ( pevfhtovo- 
f i / / e ~ z y l ) ~ v o p i o n a n i i d e  (25a) ,  an analytical samples o f  which 
was obtained by g . l c .  (Found: C, 5 2 . 5 ;  H, 4.6; N ,  4.5. 
C,,H,,F,SO requires C, 52.9; H, 4.8; X, 4.7"/;), (CCI,) 
-23.0 (2  F, 2- and 6-F), - 7 . 2  ( 1  F, 4-F) ancl -1 .3  p p.m. 

15.2, J2-F,3.F 21.1, Js-F.4-F 20.%, J4'-k7,4'-(7H2 48.3, and 

3'-CH2), 4.2 ( 2  H, 1'-CH,), 4 4 (2 H,  .I'-CH,), 6.!3-7.6 ( 3  H,  

(2 I;, 3- ancl 5-I?); SH (CCI,) 1.09 (6  H, NCH,CH,) ,1.50 ( 3  H, 
CH,), 3 . 3 0  (4 H ,  NCH,) arid 4.20 (1 H, 2-H) ( J 2 - H , ~ n ,  

6 9 Hz);  v , ~ ~ , ~ .  (CCl,) 1 662 cn- l ;  nz/e 295 (C,,H14F4NOi', 
2 3 O j 0 ) ,  294 (C,3Hl.J~5N0' ,  2!3), 195 (CsH4Fjt, 3 5 ) ,  and 100 
(C',H1,L\;O', 100). A second compound showing a singlet 
in the 19F n.m.r. spectrum (8 -20.5 p.p.1ii.) and pre5unit.d to 
be the bis-adrluct was not isolated. 

(b) IVith pevjluovopyvidine. A solution of  (2'4) (1.1 1 g ,  
10 niiiiol) in C€€,('l, (5 nil) was acldecl tlropwise to a cooled 
(0 "C) solution of perfluoropyridine (1 .6!)  g ,  10  iiiiiiol) in 
CH,Cl, ( 5  r i l l ) .  'The solution was stirred a t  0 'c' for 15 i i i in ,  

tlien a t  room temperature for ;i further 15 niin. After 
rernoval of the solvent the (*rude product ( 2 . 3 7  g)  was 
liydroly.;ed by  ION-H,SO (10 ml), extracted (Et,O), and 
dried (MgSO,) . 1)istillntion aflortletl hfN-diet/iyZ-2-( p r y -  

punvo-4-~yvir~yl)pvopionai~2ille (2.511) ( 1. $3 g ,  ti2"/o), b p. 
!45-!)7 "C a t  0 3 InmHg ( F o u i i t l :  C, 4!).8; H, 4 t i ;  12, 28.1 ; 
N, !).6. Cl,H14F,N,0 requires C, 51.8; H, 6 I ;  I:, 27.3; S ,  

p.p rn ,  (2 F, 3- and 5-1;); SH (('C1,J 1.15 ( 6 H ,  X C H J f l , ) ,  1.60 
( 3  €3, CH,), 3.37 (4 H ,  XU'CH,), and 4.40 11 p.m. (1 I ? ,  2-H) 
(J2-ii,(lli3 6.8  Hz);  v , , , , ~ .  (CCl,) 1 660 ('111 '; M / P  278  (C12Hl,- 

( c )  M/'itlL octa/luorotoluene. .I sol utioii ( ) f  per H uoro - 
toluene (2 g ,  8.5 niniol) i n  pentane ( 5  nil) W ; ~ S  acfdtttl to ;L 

solution of (24) (0.94 g, 8.5  iniiiol) in yentarie ( 5  nil) antl tlie 
solution refluxed for 56 11. :\fter removal of thc solvent the 
product was liyclrolvsed by lOx-H,SO (20 rnl), extracted 
(Et,O), and dried (h2gS0,). 1 )istillation nftordetl NN- 
dieth-yl-2-( pev/luovo-p-Iolyl)pvopionrcniide ( 2 5 ~ )  ( 1.80 g, 62%) 

I:, 38.3; N, 4.0.  C14H,41'7n'o requires C, 48 .7 ;  11 ,  4 .1;  
1'. 38.5; N,  4 l o ; , ) ;  81? (CCI,) -103.2 ( 3  12, C F 3 ) ,  -22 .7  
( 2  I;, 3- arid 5-17), antl -20.7 p.p.rn. (2 l;, 2- and 4-1:) 
(J2-~.-,c~p, 21.1  Hz); 8~1 (CC14) 1.07 (6  H, lYCH2C/[,), 1.50 
( 3  H, C/l , ) ,  3.22 (4 H, KCif,), and 4.15 p.p.ni. ( 1  H, 2-H) 
(J2-ii  cllf3 7.0  Hz) ;  v , , , ~ , ~ .  (CCI,) 1 655 crn l ;  m / e  345(C,,H14- 
F,NO k*, t i  I O;,) ,  246 (C913;,F7 ', 56),  and I00 (C,H,,NO + , 

l teceived, 2Gfl1 Nouetnbf'u. 1979 j 

l o .  17:)); i3p (C('I4) -6!) 1 ( 2  l?, 2- and 6-1;) and - 19.2 

F4N2(Y*, l o o O ; , ) .  

b p .  C)5--100 "C at 0.2 mmHg (Found: C', 47.7 ;  €3,  4.0;  

100) . 
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