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Isoni t r i les  eas i ly  en ter  into eyeloaddition reac t ions  with bipolar,  including 1, 4-bipolar ,  compounds 
[1, 2]. The p resen t  paper  is devoted to a study of the reac t ion  of isoni t r i les  with c~,~-unsaturated ketones. 
Only one c• is known of the reac t ion  of isoni t r i les  with an ~,fi-unsaturated s tero id  ketone~ Together  
with other  compounds, the i somer iza t ion  product  of the postulated intermediate  cycloadduet,  the 7 -a lkoxy-  
n i t r i le ,  v~ts isolated in this reac t ion  (catalyzed by ]3F 3) [3 ]. 

Tr f f [uoromethyl  ~, ~kdimethylvinyl ketone reac t s  with isoni t r i les  in the absence of a catalyst  to give 
the stable 1, 4-cycloaddit ion products ,  the substi tuted dihydrofurans (ID 
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Nuc]eophilic attack of the fi-carbon atom of the c~,fi-unsaturated ketone by the isonitrile apparently 
plays the determining role in this reaction. A decrease in the electron density as the result of the acceptor 
action of tke trifluoromethyl group facilitates the attack. Actually, mesityl oxide does not react with iso- 
nitrile even on long heating at 100~ 

The structure of the dihydrofurans (II) was proved by the IR, NMR and mass spectra, and also by 
acid hydrolysis to dirnethyltrifluorolevulinic acid (III) and its amides (IV} and (V). A study of these levulin- 
ic acid derivatives (liD, (IV) and (V), which became readily available, made it possible to detect some in- 
teresting differences in the properties of the fluorinated and unfluorinated analogs. 

Lewdinic acid is linear and only when it is heated to i00 ~ can the presence of its cyclic form be 
detected [~.]. c~,~-Dimethyllevulinic acid contains the cyclic form even at ~20 ~ [5]. Based on the chemical 
properties (haloform decomposition, preparation of linear esters), trifluorolevulinic acid was assigned a 
linear structure, but later an analysis of the IR spectra disclosed the presence of the cyclic form [6, 7]. 

The dimethyltrffluorolevnlinic acid obtained by us has a cyclic structure. The equilibrium of the 
ring-chain tautomerism in this case is shifted so far toward the cyclic form that the linear form cannot be 
detected from either the IR or the 19F NMR spectra. In harmony with the cyclic structure, hydroxylacetone 
(III) remains unchanged when refluxed with an alcohol in the presence of acid, or when treated with CH2N2; 
only on long standing with alkali does it undergo haloform decomposition to give c~,~-dimethylsuccinic acid 
(ef. [6, 7]. 

CH~ [" CH~ ] CH~ 

-OH 
H00CCH~C(CH@~C00H 

Institute of Heteroorganie  Compounds, Academy of Sciences of the USSR. Trans la ted  f rom Izvest iya 
Akademii  Nauk SSSR, Seriya Khimicheskaya,  No. 11, pp. 2559-2562, November,  1973. Original a r t ic le  
submitted :April 26, 1973. 

�9 1974 Consultants Bureau, a division of  Plenum Publishing Corporation, 227 ~'est 17th Street, New York, N. Y. 100I}. 
No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, 
eleetronlic, mechanical, photocopying, microfilming, recording or otherwise, withol~t written permission of the publisher. A 
copy of this article is available from the publisher for $15.00. 

2493 



In cont ras t  to the acid i tself ,  in the amides  of levulinic acid the equfl ibrinm of the r ing-cha in  tauto-  
�9 m e r i s m  at ~20 ~ is shifted toward the cyclic  fo rm,  which changes to the l inear  f o r m  on heating [7-9]. Both 

t a u t o m e r s  could be isolated only in the case  of the unsubst i tuted levulinic acid amide [8 ]. 

Depending on the conditions used  to saponify dihydrofuran (IIb) we were  able to obtain both the l inear  
and the cycl ic  i s o m e r s  of the t r i f luorolevul inic  acid cyclohexylamide.  The l inear  i s o m e r  (V) is fo rmed  when 
sulfate  (IV) is t r ea t ed  with water  at 20 ~ I ts  s t ruc tu re  was p roved  by the IR and NMR spec t ra .  Amide (V) 
can be s tored  for  a long t ime  at 0 ~ without change, but at ~20 ~ and espec ia l ly  when heated it changes rap id ly  
to the s table  cyclic f o r m  (VI). This t r an s fo rma t ion  is i r r e v e r s i b l e  even at 130 ~ (NMR spec t rum) .  Acid and 
alkaline media  a lso  fac i l i ta te  the cyclization.  
is t r ea t ed  with conc. HC1. 
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In con t ras t  to amide (V), the absorpt ion  f requenc ies  of the CFaCO and RNHCO (2nd amide band) groups 
a r e  absent  in the ]R s p e c t r a  oJ pyr ro l idone  (VI). The changes in the NMR spec t r a  a re  a lso  in a g r e e m e n t  
with the cyclic  s t ruc tu re .  

Both in our study, and apparen t ly  also in [8], the l ibera t ion  of the l inear  i somer  is a ssoc ia ted  with 
kinetic fac to rs .  The cyclic  i s o m e r s  of the levuiinic acid amides  a re  t he rmodynamica l ly  m o r e  s table ,  in 
which connection the s tabi l i ty  of the cycl ic  i s o m e r s  of d imethyl t r i f luorolevul in ic  acid and its de r iva t ives  
is g r e a t e r  than that  of the unfluorinated analogs.  An inc rease  in the s tabi l i ty  of the cycl ic  f o r m  when 
f luorine a toms a re  inser ted  is not unexpected,  s ince the s tabi l iz ing effect  of per f luoroa lky l  groups on the 
usua l ly  unstable geminal  compounds is well known [10]. 

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

The IR sp ec t r a  were  taken on a UR-20 s p e c t r o m e t e r ,  as KBr pe l le t s  for  the sol ids .  The l~F NMR 
s p e c t r a  were  taken on a Hitachi  ins t rument  (56.46 MHz), using CFaCOOH as the ex te rna l  s tandard.  The 
NMR spec t r a  were  taken on a P e r k i n - E l m e r  R-12 ins t rument ,  using HMDS as the internal  s tandard .  The 
chemica l  shif ts  (5) a re  given in p a r t s  pe r  mil l ion f r o m  CFaCOOH or [(CHa)3Si]20 , r e spec t ive ly .  

3, 3 - D i m e t h y l - 5 - t r i f l u o r o m e t h y l - 2 - t e r t - b u t y l i m i n o - 2 ,  3 -d ihydrofuran  (Ha). A mix tu re  of 3 g of ketone 
(I) and 1.6 g of t e r t -bu ty l  i soni t r i le  was allowed to stand at ~20 ~ for  14 days.  Vacuum-dis t i l l a t ion  gave 4.24 
g (92%) of d ihydrofuran (IIa), bp 69 ~ (50 mm).  In f ra red  spec t rum (~, em-1): 1680 (C----C), 1740 (C =N) .  
NMR spec t rum:  0.82 and 0.86 (CHa, two singlets) ;  5.3 (=CH,  singlet) .  19F NMR spec t rum:  - 7 . 1 4  (CFs, 
singlet).  Found: C55.56; H6.79; F23.72;  N6.28%. CI~H~sFsNO. Calculated:  C56.17; H6.85;  F24.26;  
N 5.91%. 

The same  product  (IIa) was obtained in 88% yield by heating a mix tu re  of ketone (I) and t e r t -bu ty l  i so-  
n i t r i le  at 70 ~ for  6h. 

3, 3 -Dime thy l -5 - t r i f l uo rome thy l -2 -cyc lohexy l imino-2 ,  3-dihydrofuran (IIb). A mix tu re  of 3 g of ketone (I) 
and 2.1 g of cyelohexyl  isoni t r i le  was allowed to stand at  ~20 ~ for  14 days.  V a c u u m - d i s t e n t i o n  gave 4 .6g  
(90%) of (IIb), bp 79 ~ (7 mm) .  In f ra red  s pec t rum (v, cm-1): 1680 (C =C) ,  1740 (C ~ N ) .  NMR spec t rum:  
0.8-1.7 [(CH2)5, multiplet)];  0.9 [(CH3)2, singlet];  3.3 (CH, multiplet) ;  5.4 (=CH, singlet).  19FNMRspect rum:  
- 8 . 0  (CFa, singlet).  Found: C59.39; H6.63; F21.16;  N6.25%. CIsH18FaNO. Calculated:  C59.77; H6.63; 
F 21.83; N5.36%. Molecular  weight of (lib) = 261 (mass  spec t rome t ry ) .  The Same product  (IIb) was ob- 
tained in 86% yield by heating a mix ture  of ketone (I) and cyclohexyl isoni t r i le  at 100 ~ for  5h. 

2 - T r i f t u o r o m e t h y l - 2 - h y d r o x y - 4 ,  4 -d ime thy l t e t r ahydro -5 - fu ranone  (III). A mix tu re  of 1.2 g of dihydrofuran 
(IIa) and 2.8 ml  of conc. HC1 was ref luxed for  5 h. The p rec ip i t a te  was f i l te red  and washed with chilled water .  We 
obtained 0.59 g (59.4%) of (IID, mp 80-81 ~ ( f rom heptane).  Found: C 42.16; H 4.45; F 29.59~ C?H9F30 ~. Calculated:  
C 42.42; H 4.54; F 28.78~ In f ra red  s pec t rum  v, cm- l :  1775 (C = O), 3240-3400 (OH). NMR spec t rum (in acetone) : 
1.1 and 1.3 (CHa, two singlets) ;  2.4 (CHs, the center  of two s ignals ,  p robab ly the  cent ra l  s ignals  of an AB s~.stem) ; 
7.5 (OH). ISNMR spec t rum (in acetone):  +7.5 (CFa, singlet).  Mass  spec t rum:  154(7), 139(53, 3), 129(10), 101(20), 
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85(100), 69(80}. Evaporat ion of the f i l t ra te  gave 0.35g (64%) of ter t~butylamine hydroehlorid'e,  which was 
identical with an authentic sample.  Lactone (IID remains  unchanged when t rea ted  with excess  CH2N 2 in 
e ther  (1 day, 20~ or  when ref luxed (6h) with a 20% solution of H2SO 4 in alcohol. 

Halcform Decomposit ion.  To 0.6 g of lactone (III) was added 5 ml of 10% KOH solution and the mix-  
tu re  was allowed to stand for 4 days. Acidification of the react ion mixture  gave 0.33 g (75%) of dimethyl-  
sueeinic acid with mp 139-141 ~ (from water) ,  in f rared  spec t rum (v, era-l):  1695-1710 (split). 

Cyclohexylamide of 1, 1-Dimethyl-3 ,  3, 3- t r i f luorolevul inic  Acid (V). With cooling, severa l  drops 
of conc. H2SO 4 were  added to 0.57 g of dihydrofuran (IIb). The prec ip i ta te  was f i l tered and washed with 
e ther  to give 0.77g of (IV), mp 182-185 ~ (deeompn.).  Inf rared spec t rum (v, cm-l):  1680 (C =C) ,  1730 
(C =N).  The obtained salt  was mixed with 5 ml of water .  After  standing for  4h the obtained c rys ta l s  were  
f i l te red  and washed with water.  We obtained 0.52g (86.6%) of amide (V), mp 62-65 ~ Infrared spec t rum 
iv, cm-t) :  1775 (C=0) ;  1550, 1645 (CONH), 3380 (NH). NMR spec t rum (in C6H6): 0.93 (CH3, singlet); 
2.5 (CH2, ~dnglet); 3.6 (CH, multiplet).  19F NMR spec t rum (in C6H~): + (CF3, singlet). 

1 -Cyc lohexy l -2 -hydroxy-2- t r i f luoromethy l -4 ,  4 -d imethyl -5-pyr ro l idone  (VI). a) To l g  of dihydrofuran 
(lib) was added 1.5 ml of conc. HC1. At the end of exothermic  react ion the react ion mixture  was poured 
into water.  We obtained 0.9g (80~ of (VI), mp 178-180 ~ (from acetone).  Found: C 56.07, H7.45; N5.23%. 
C13H20F3NO 2. Calculated: C55.95; H7.53; N5.01%. Infrared spec t rum (v, cm-t):  1660 (C=O),  3230 (OH). 
NMR spec l rum (in HMPO): 1.0 and 1.1 (CH3, singlets).  I~NMR spect rum (in acetone}: +4.3 (CF3, singlet}. 
Molecular  weight of (VI) = 279 (mass spec t romet ry) .  Pyr ro l idone  (VI) remains  unchanged when t rea ted  with 
excess  CHiN 2 in e ther  (2 days,  20~ 

b) P:mrolidone (VI) is fo rmed  when an acetone solution of amide (V) is allowed to stand for  a long 
t ime or is ref luxed for a short  t ime.  

c) To 0.1 g of amide iV) was added 2 ml of a 10% KOH solution. After 2 min the product  was f i l tered to 
give 0.03 g (30%) of c rys ta l s ,  mp 177-180 ~ which were identical with those obtained in Expt. a). Acidifica- 
tion of the mix ture  gave an additional 0.05g (50%} of the (VI) c rys ta l s ,  mp 181-183 ~ 

d) Several  drops of conc. H2SO 4 were added to an acetone solution of amide (V). The I~NMR spectrum,  
taken af ter  2-3 rain, disclosed a sharp increase  in the amount of pyrrol idone (VI). 

C O N C L U S I O N S  

1. T:=ifluoromethyl ~,~-dimethylvinyl ketone enters  with isoni t r i les  into the uncatalyzed 1, 4-dipolar  
eycloadditional react ion.  

2. it was establ ished for d imethyl t r i f luorolevul inie  acid and its der ivat ives  that the cyclic fo rms  are  
more  stable than the unfluorinated analogs. 
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