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13". REACTION OF N-PHENYLBIS(TRIFLUOROMETHYL)KETENIMINE 

WITH VINYL ETHERS AND KETENE ACETALS 

D. P. Del'tsova and N. P. Gambaryan UDC 542.91:547.415.3:547.361:547.387 

It ha,~ been show-n previously [2] that N-phenylbis (trifluoromethyl)ketenimines (I) r eac t  with phenyl- 
and ethoxy~tcetylenes as heterodienes with part icipat ion of the aromat ic  ring of the ketenimine, with the 
formation of substituted quinolines (II). The yield of the ethoxyquinoline (IIa) was only 3%, since ethoxy- 
acetylene causes  dimerizat ion of the ketenimine. When this react ion was ca r r i ed  out in hexane solution, 
the dimerizing effect of the ethoxyacetylene was reduced, and the yield of the ethoxyquinoline (IIa) rose 
to 43%. 
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A C--CH CF3 

~CF3 \CF~ " ~) 
(II) R = OC~H5 (a), Ph (b) 

The react ions ofketenimines with vinyl e thers  and keten acetats  have not previously been recorded.  
It appears that the ketenimine (I) reac t s  slowly with ethyl and butyl vinyl ethers  at ~ 20 ~ to give ultimately 
2-hexafluoroisopropylquinoline (IV), i .e .  also via 1,4-cycloaddit ion.  

1 ,. 
1 

~CF3 ~CF~-J ~CF3] 
(HI) 

// /'~" CF~ CF~ NPh 

+ CH--C 
\ / \ 

CF~ CF~ 0 H 
(iv) (v) 

H = C-2H5; C4Hg 

An intermediate product in the reaction of the ketenimine (1) with vinyl ethers is apparently the 4- 
alkoxydihych:oquinoline (IN). This is indicated by the LR spectrum (9 1640 cm -I) and 19F PIVLR spectrum 

(doublet with chemical shift --14.4 ppm, JH-F = 8,85 Hz) of the reaction product. It was not possible to 
isolate this product; vacuum distillation of the reaction product resulted in elimination of a molecule of 
alcohol to give the quinoline (IV). If the alcohol had been eliminated in the course of the reaction, half of 
the ketenimine (1) would have been consumed in forming the iminoether (V). In fact, the quinoHne (IV) 
was formed in over 50% yield, and the iminoether in traces. 

In com;rast to the vinyl ethers, ketene acetal reacts with the ketenimine to give the Quite stable 
azetidine (V]:) by addition to the C = N bond of the ketenimine. On long keeping at room temperature, and 

* For  No. 1~'~, see [1]. 
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par t i a l ly  on vacuum dis t i l la t ion  or  heat ing to 100~ the azet id ine  (VI) is conve r t ed  into the open-cha in  c o m -  
pound/3,  f i -d iace toxyvinyl  hexa f luo ro i sop ropy l  ketone anil  (VII)* in addit ion to the e thoxyquinol ine (II a). 

CFs . CF~ CFs 
\. \ \ 
C=C=NPh C=C--NPh A CH--C=NPh 

/ + --, / I I - ~  / I + (IIa) 
CF~ CF3 H~C--C(0C~Hs)~ CF3 HC=C(0C~.H@~ 

CI-I~=C(OC2H~)2 (VI) (VII) 

This  i s o m e r i z a t i o n  is accompan ied  by c h a r a c t e r i s t i c  changes  in the  s p e c t r a  --  d i s appea rance  of the 
qua r t e t s  of the two nonequivalent  CF 3 g roups  bonded to the  sp2-hybr id ized  C a tom in the azet id ine  (VI), and 
the appea rance  of a doublet  due to the (CF~)2CH g roup  in the anti  (VII) in the I~F NMR spec t rum.  In the 
PMR s p e c t r u m ,  the four  s ignals  with in tens i t ies  6 : 5 : 4 : 2 a re  r e p l a c e d  by five s ignals  with in tens i t ies  
6 : 5 : 4 : 1 : 1, the e thoxy g roups  becoming  nonequivalent .  This  nonequivalence  p e r s i s t s  up to 100 ~ 

The s t r u c t u r e  of the anil  (VII) was  c o n f i r m e d  by acid h y d r o l y s i s  to the e thyl  e s t e r  of/3, N - p h e n y l a m i n o -  
T, T -b i s ( t r i f l uo rome thy l ) c ro ton ic  ac id  (IX), and by i t s  r e a c t i o n  with b is  ( t r i f luoromethyl )ke ten  by 1 , 4 - c y c l o -  
addit ion to give the subs t i tu ted  d i h y d r o - 2 - p y r i d o n e  (X). The d i h y d r o - 2 - p y r i d o n e  (X) on t r e a t m e n t  with conc.  
H2SO 4 o r  HC1 was c o n v e r t e d  into the d ioxo te t r ahydropyr id ine  (XI). 
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On t r e a t m e n t  with conc.  tt2SO 4 at r o o m  t e m p e r a t u r e ,  both the azet id ine  (VI) and i ts  open -cha in  i so -  
m e r  (VII), and the c ro ton ic  acid de r iva t ive  (IX) were  conve r t ed  into the 4-quinolone (XII), the s t r u c t u r e  of 
which was con f i rmed  by syn thes i s  f r o m  the ethoxyquinoline (IIa) by a known method  (cf. [4]). 
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The i so la t ion  Of the azet idine (VI) f r o m  the r eac t i on  of ke ten imine  (I) with keten  acetal ,  and i ts  con-  
v e r s i o n  into the quinoline de r iva t ive  (H) sugges t s  that  in the r eac t i ons  of this  ke ten imine  with vinyl  e the r s  
and ace ty lenes ,  t h e r e  m a y  be f o r m e d  in t e rmed ia t e  aze t id ines  (XIII) and aze t ines  (XIV)~ 

CF~ CF3 

\C=c--N--(% 
/ I I "--- ./ I I 

CF3 H~C--CHOR cF~ HC=Cfi 
(XllI) (XIV) 

* P e r f l u o r o - t e r t - b u t y l  i socyana te  r e a c t s  with ketene ace t a l  at t e m p e r a t u r e s  as  low as 20 ~ to f o r m  the l inea r  
amide (VIII) (cf. [3]). 

(CF@~CN--C=O 
q- --, (CF3)3CN HCCH = C(OC~Hh)~ 

CH2=C(OCzHh)'z 0 (VIII) 
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The failure of attempts to isolate these lat ter  compounds may be due to their rapid cyclization into 
the quinoline derivat ives  (II) and (III). The l i tera ture  r ecords  a number of instances of the conversion of 
fou r -membered  r ings with aryl  substituents into s ix -membered  r ings by react ion of the aromat ic  ring [5- 
7]. 

Thus, the range of react ions  of N-arylbis( t r i f luoromethyl)ketenimines  which occur  with involvement 
of the aromat ic  ring and which leads to a convenient synthesis of fluorinated quinolines has been extended. 

E X P E R I M E N T A L  M E T H O D  

The IR spec t ra  were recorded  on a UR-20 instrument,  and the UV spect ra  on a"Hitachi  EPS-3T. " 
PMR spect ra  were taken on a Pe rk in - -E lmer  R-12 (60 MI-Iz) ins t rument  with HMDS as internal standard. 
ISF NMR spect ra  were recorded  on a "Hitachi H-60" (57 and 46 MHz), with CF3COOH as internal standard. 
Chemical  shifts are given on the 8-sca le  in ppm from HMDS or  CF3COOH , respectively.  

2-Hexafluoroisopropyl-4-ethoxyquinoline (Ha). To a solution of 0.5 g of ethoxyacetylene in 5 ml of 
hexane was added with cooling 1.8 g of the ketenimine (I) in 5 ml of hexane. The mixture  was kept at ~ 20 ~ 
for 40 days, and the precipi tate  was f i l tered off to give l g  (43%) of the ethoxyquinoline (IIa), mp 146-149 ~ 
(from hex~um) [2]. 

2-Hexafluoroisopropylquinoline (IV). A mixture of 1.5g of the ketenimine (I) and 0.8 g of ethyl vinyl 
ether  was kept at ~ 20 ~ (the p rog re s s  of the react ion was followed by GLC and igF NMR). After  30 days, 
distillation of the react ion mixture  under reduced p r e s s u r e  gave l g  (6170) of the quinoline (IV), bp 51-54 ~ 
(S �9 10 -3 mm), mp 57-58 ~ (from hexane). Found: C 51.59; H 2.82; F 40.85; N 4.8TJ/a C12HTF6N. Calculated: 
C 51.61; H 2o51; F 40.86; N 5.017o. UV spect rum (in hexane, kmax,  nm) (log~): 224 (4.72); 227 (4.75); 231 
(4.71); 275 (3.69); 302 (3.60); 3i5 (3.64) PMR spect rum (in CC14): 4.58g [(CF3)2CH, J H - F  = 8.12 Hz]; 7.3- 
8.15 m (aromatic). igF NMR spect rum (in CC14): 14.4 d [(CF3)2CH , J H - F  = 8.86 Hz]. Molecular weight 
279 (by ma~s spectrometry) .  

Undez s imi lar  conditions, f rom 1 g of the ketenimine (I) and 1 g of butyl vinyl ether there was ob- 
tained 0.7 g (63%) of the quinoline (IV), mp 57-59 ~ (from hexane). 

1-Ph~nyl-2,2-diethoxy-4-hexalquoroisopropylideneazet idine (VI). To 2.53 g of the ketenimine (I) was 
added 1.16 ~ of ketene acetal~ when the exothermic react ion was complete,  the react ion mixture was kept 
for 2h at ~ 20 ~ and distil led to give 3.3 g (89~/0) of the azetidine (VI), bp 89-91 ~ (1.10 -2 mm); ND z~ 1.4644. 
Found: C 5].51; tt 4.08; F 31.22; N 3.57%. C16H17F6NO 2. Calculated: C 52.03; H 4.60; F 30.89; N 3.7970. 
IR spectrum (v, cm-1): 1670 (C = C). PMR spect rum (in CC14): 1.07 t (CH3); 3.5 c (OCH2), JCH2CH~ = 7.35 
Hz; 3.25 broad s (CH2); 7.15 s (aromat . ) ,  iSF NMR spectrum in CC14:--22.8 q (CF3C=); --24.6 q (CF3C=), 
J F - - F  = 8.05 Hz. Mol. wt. 369 (by m a s s  spectrometry) .  

fi, f l-Diethoxyvinylhexafluoroisopropylketone Anti (VII). The azetidine (VI) (1.2 g) was heated at 100 ~ 
for 7h, and distilled to give 0.9g (75%) of the anti (VII), bp 95-98 ~ (1. l0 -2 ram), containing a small  quantity 
of c rys ta ls .  Fo~md: C 52.18; H 4.62; F 31.59%. C16ttlTF6NO 2. Calculated: C 52.03; H 4.60; F 30.89%. IR 
spec t rum (v, cna-i) �9 1595 (C = C), 1620 (C = N). PMR spect rum (in CC14): 1.1 t (Ctt3); 1.25 t (CH3) ; 3.54 q 
(OCH2); 4.07 q (OCH2) , JCH2CH3 = 7.35 Hz; 5.2 sept. [(CF3)2CH , JH--F = 8.12 Hz]; 6.45-7.35 (aromat.). 
19F NMR sp~ctrum (in CC14): --14.8 d [(CF3)2CH , JH-F = 8.2 Hz]. Molecular weight 369 (by mass spectro- 
metry). 

The crystals, after decantation of the anil (VII) and washing with hexane, were identified as the 
ethoxyquino]ine (Ha). 

/3, fi-Diethoxyaerylic N-Perfluoro-~ert=butylamide (VIII). To a solution of 2.6 g of perfluoro-tert- 
butyl isocy~]ate in 2 ml of absolute ether was added a solution of I. I g of ketch acetal in 3 ml of absolute 
ether, and the mixture was kept at "~20 ~ for 16h. Removal of the ether afforded 2.3 g (61%) of the amide 
(VIII) as hygroscopic crystals, mp 74-76 ~ (from hexane). Found: C 34.73; H 3.12; F 44.77; N 4.13%. 
CIIHI2FsNO 3, Calculated: C 35.01; H 3.18; F 45.35; N 3.71%. IR spectrum (~, cm-l): 1615 (C = C), 1695 
(C ----- O), 33~5 (NII). PM_R spectrum (in CC14): 1.28 t (CH3); 3.95 q (OCH2); 4.1 q (OCH2) , JCII2CH 3 = 7.47 
Hz; 4.34 s (CH=); 7.65 s (NH). 19F NMR spectrum (in CCI4): --10.9 s [(CF3)3C ]. 

Ethyl fl, N-Phenylamino-T,T-bis(trifluoromethyl)crotonate (IX). a) To i g of the anil (VII) was added 
3 ml of cone. HCI, and the mixture was kept for 3 h at - 20~176 Theprecipitate which separated was filtered 
off and washed with water to give 0.5 g (54~) of the ester (IX), mp 51-52 ~ (from 7070 alcohol). Found: C 
49.41; H 3.89; N 4.02%. CI4HI3F6NO2o Calculated: C 49.29; H 3.82; N 4o170o IR spectrum (v, cm-i): 1625 
(C~-~C), 1675 (C ~-~O), 3210, 3260 (NH). PMR spectrum (in CCI4): 1.22 t (CH3); 4.12 q (OCH2) , JCII2CH 3 = 
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7.35 Hz; 4.08 Sept [(CF3)2CH , J H - F  = 8 Hz]; 7.45-7.98 m (aromat ic) .  19F NMR spec t rum (in CC14): - 1 4 . 3  
d [(CFs)2CH, J H - F  = 8.05 Hz]. 

b) To a solution of 1 g of the anil {VII) in 5 ml  of absolute ethanol was added 3 drops  of conc. H2SO4, 
and the mix tu re  was boiled for  5h. Remova l  of the solvent gave 0.6 g (65%) of the e s t e r  (IX), mp 50-52 ~ 
(fromT0% alcohol). 

1- Phenyl-  3 ,3-b is ( t r i f luoromethyl ) -  4 ,4-diethoxy-  6-hexaf luoro isopropyl -  3 ,4 -d thydro-2-pyr idone  (X). 
Bis( t r i f luoromethyl)keten (1 ml) was pas sed  into a solution of the anil (VII) in 3 m l  of absolute e ther  with 
ice cooling, and the mix tu re  was kept at ~ 20 ~ for  16 h. Removal  of the solvent gave 1.1 g (73%) of the di-  
hydropyridone (X), mp  106-108 ~ (from hexane). 1 Found: C 43.62; H 3.16; F 41.69% C20HITFI2NO3. Calculated: 
C 43.87; H 3.1; F 41.68%. IR spec t rum (v, c m -  ): 1680 (C~-C),  1720 (C = O). PMR spec t rum (in CC14): 
1.22 t (CH3); 3.81 q (OCH2), JCH2CH ~ = 7.35 Hz; 3.63 sept [(CFa)2CH , J H - - F  8 Hz]; 5.9 s (CH=); 6.9-7.6 
(aromatic) .  19F NMR (in CC14): --14.8 d [(CFs)2CH , J H - - F  = 8.05 Hz]; --18.8 s (CF3). 

1 -Pheny l -3 ,3 -b i s ( t r i f luo romethy l ) -6 -hexaf luoro i sopropy l -2 ,4 -d ioxo-  1,2, 3 ,4- te t rahydropyr id ine  (XI). 
a) A solution of 0.7 g of the dihydropyridone (X) in 2 ml  of conc. H2SO 4 was kept at 20 ~ for  16 h, and the 
prec ip i ta te  which sepa ra ted  was f i l te red  off to give 0.6 g (98%) of the dioxote t rahydropyr idine  (XI), mp 85- 
87 ~ (from hexane). Found: C 40.10; H 1.52; F 48.54%. ClsHTF12NO 2. Calculated: C 40.59; H 1.47; F 48.20% 
IR spec t rum (v, cm-1): 6130 (C = C), 1690 (C = O). PMR spec t rum (in CC14): 3.77 sept. [(CF3)2CH , 
J H - - F  - 8 Hz]; 6.1 s (CH=); 7-7.8 (a romat . ) .  19F NMR spec t rum (in CC14): --14.2 d [(CFs)2CH , J H - - F  = 
8.05 Hz]; --15.1 s (CF3). 

b) A suspension of 0.5 g of the dihydropyridone (X) in 5 m l  of conc. HC1 was kept at ~ 20 ~ for  48 h, 
and the resul t ing prec ip i ta te  was f i l te red  off to give 0.4 g (93%) of (XI), mp 85-87 ~ (from hexane), identical  
with that obtained in a) above. 

2-Hexai luoroisopropyl-4-quinolone  (XII). a) A solution of 0.9 g of the azetidine (VI) in 2 m l  of conc. 
H2SO4 was kept at ~ 20 ~ for  48 h, then poured onto ice and the prec ip i ta te  f i l te red  off to give 0. 5 g (69%) 
of the quinolone (XII), mp 174-176 ~ (decomp.,  f rom 50% alcohol). Found: C 48.87; H 2.35; F 38.94; N 4.70%. 
Clz~ITFsNO. Calculated: C 48.81; H 2.37; F 38.64; N 4.74~ UV spec t rum (in CH3OH , k m a  x, nm) (log e): 
212(4); 228 (3.84); 318 (3.54); 33) (3.57). IR spec t rum (v, cm-l) :  1530, 1580, 1610, 1645, 2690-3320. 19F 
NMR spec t rum (in acetone):�9 - 1 2 . 8  d [(CF3)2CH, J H - F  = 8.85 Hz]. 

b) A solution of 0.4 g of the anil (VII) in 1 m l  of conc. H2S Q was kept at ~ 20 ~ for  48 h, and poured 
onto ice to give 0.25g (78%) of (XII), mp  167-169 ~ (decomp.,  f rom 50%alcohol), giving no depress ion  of 
mel t ing  point with a sample  obtained as  in a) above. 

Under s imi l a r  conditions, 0.5 g of the e s t e r  (IX) and 2 ml  of conc. H2SO 4 gave 0.35g (81%) of the 
quinolone (XII), mp 168-170 ~ (decomp., f rom 50% alcohol). 

c) A mix tu re  of 0.3 g of the ethoxyquinoline (IIa) in 3 m l  of HI was boiled for  12 h, and poured onto 
ice. The prec ip i ta te  was f i l te red  off to give 0.2 g (73%) of (XiI), mp 174-176 ~ (decomp.) .  

CONCLUSIONS 

An investigation has been carried out into the cycloaddition of alkoxy-substituted alkenes to N- 
phenylbis(trifluoromethyl)ketenimine, leading to the synthesis of fluorinated quinolines and azetidine. 
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