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.Mixed anhydrides of a -hyd rohexa f luo ro i sobu ty r i c  acid are  readi ly  cleaved by Et3N [1]. Low- t empera tu r e  
laF NlVItl was -used in the p re sen t  invest igat ion to study the mechan i sm of this react ion,  as exemplif ied by ~he 
cleavage of the mixed anhydride of a -hyd rohexa f luo ro i sobu ty r i c  acid and benzoic acid (I) to PhCOF and the 
t r i e t h y l a m m o n i u m  sa l t  of t r i f luoromethy lmalony l  difluoride.  

(CFs)2CHCOOCOPh § Et3N -~CF~(COF)2 HNEt3 + PhCOF 
(I) 

As p rev ious ly  suggested [1 ], the f i r s t  step in this reac t ion  is the r emova l  of a proton f rom the anhydride 
(i) to f o r m  a t r i e t h y l a m m o n i u m  sal t  containing the anion (II) (Fig. 1). This sal t  is s table  up t o -40~  but it 
decomposes  at a modera te  ra te  a t - 2 0 ~  A typical  fea ture  of this decomposi t ion  is the in te rmedia te  format ion 
of subs tant ia l  amounts of the anion of o~-hydrohexafluoroisobutyryl  fluoride (III) (Fig. 2, ef [2]). At higher  
t e m p e r a t u r e s ,  the ion (III) a lso decomposes ,  and in the final analysis  the s p e c t r u m  contains only signals  for 
PhCOF and the anion of t r i f luoromethy lmalony l  dif luoride (IV) (Fig. 3). 

The in te rmedia te  format ion  of the anion (III) sugges ts  the para l l e l  format ion  of the anion of the mixed 
anhydride of benzoic and ~ -hydro -~ -benzoy loxypen ta f luo ro i sobu ty r i c  acids (V). In cont ras t  to the routes  put 
forward  in [1], decomposi t ion  of the anion of the mixed anhydride (II) occurs  both by an in t e rmotecu la r  p rocess  
compr i s ing  s e v e r a l  r eve r s ib l e  s teps involving the e l iminat ion and addition of the f luoride and benzoate anions,* 
and by the i r r e v e r s i b l e  c leavage of the m e s o m e r i c  carbanions  (V) and (VI), which contain the f ragment  

o 
H 

--C--O-.CF~--U-- (cf. [4]). Suggested routes  for  the cleavage of the anion gI) into PhCOF and anion (IV) are  
shown in Scheme 1. 

Cleavage of PhCOF f r o m  the anion (V) must  afford the anion (VII). We have been unable to identify unam-  
biguously this anion f r o m  the ~gF NMR spec t rum,  since the signal for its CF 3 group is super imposed  on other  
s ignals  at - 2 7  ppm. However,  the poor ly  r e so lved  signal  at - 9 6 . 5  ppm$ is tenta t ively  ass igned to the COF group 
of the anion (VII) (cf. (Fig. 2). 

At tempts  to detect  the p re sence  of anions (V) and (VI) in the reac t ion  mixture were  m~successfuL They 
could not be detected e i ther  in the 19F NMR spec t ra ,  nor  as the corresponding CH-acids  when the reac t ion  was 
stopped by t r e a t m e n t  with d ry  HC1. These anions a re  probably  of low stabi l i ty  and, since they decompose  as 
soon as they are  formed,  they do not accumulate  in amounts large enough to be detected. The instabi l i ty  of the 
anion (VI) has been conf i rmed by independent synthes is  f r o m  the acid fluoride (VIII). It  has been found that the 
anion (VI), unlike the anion (II), decomposes  very  rapidly  at -30~ and slowly even at -75~ Anions (V) and 
(VI) a re  probably  of s i m i l a r  stabil i ty.  

It is noteworthy that in the decomposi t ion  of the anion (VD, significant amounts  of the in te rmedia te  anion 
(III) a re  fo rmed,  an obse rva t ion  which also suppor ts  Scheme 1. 

* This c leavage r e su l t s  in the fo rmat ion  of the cor responding  kefenes and pe r f l uo rome thae ry l i c  acid der iva t ives  
(cf.. [3]), but in the p r e s e n c e  of nuc!eophiles the i r  concentra t ions  must  be vanishingly smal l ,  so that  they are  
not r eco rded  by NMR. 
t F o r  the s ignals  of the COF group of anion (IV), see below. 
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An interesting feature of the low-temperature 19F NMR spectra of the mixtures studied here, formed in the 
decomposit ion of anions ffI) and (VI), is that even when the reaction is complete the spectra show signals both 
for CF a and COF (cf. Fig. 3). When the temperature is raised, the signals for both of these are broadened 
(except for that of PhCOF), at -30~  thcy merge,  and above 10~ only a wel l -reso lved  triplet for CF a and a 
quartet for C OF are seen, the corresponding spin spin coupling constant decreasing from 25.2 to 20.8 Hz on 
heating f r o m - 7 0  to +90~ On cooling t o - 7 0 ~  the original spectrum is restored. 

The changes in the spectra on cooling are due to restr ict ion of rotation around the partial double bonds 

\c.+.E~c / in the anion (IV) 
/ \ 

2 F o .,... 
~C--O 2F~c--o " C--F2 

CF3--C ', -- ICF3--C -- 
\ C - - - O  ~ C ' - - F  3 "\;. ---F-9 

2F/ o,7" o/c 
( ira)  (IVb) ( lvc)  

TABLE 1. 
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19F NMR Spectra of Mesomeric  Fluorocarbanions 
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19F NMR s p e c t r u m  of the  t r i e t h y l a m m o n i u m  s a l t  of t r i f l u o r o m e t h y l m a l o n y l  d i -  
f l u o r i d e  at  - 80~ in  a m i x t u r e  of e t h e r  and d i g l y m e  (1 : 1). 
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4). 
The anion (IV), obtained independently f r o m  the cor responding  CH-acid ,  behaves  in an ident ical  way (Fig. 

+NEt~ 
CFsCH(COF)2 ~ (IV) 

--ItNEts 

E X PF RI ME N TA L 

19F NMR spectra were obtained on a Perkin-Elmer R-32 spectrometer (84.6 MHz). Chemical shifts are 
given in parts per million from CFaCOOH (the internal standard used was CF3COOEt , for which a chemical 
shift of -2.5 was assumed). All operations were carried out in an atmosphere of dry argon or in sealed ampuls. 
The solvents were dried by standard methods. 

The parameters of the 19F NMR spectra for the mesomeric carbanions are given in Table i. 

Cleavage of the Mixed Anhydrides of a-Hydrohexafluoroisobutyric and Benzoic Acids (I) by Triethyl- 
amine. To 1.31 g (4.36 mmolc) of freshly distilled 6) and 0.055 g (0.39 mmole) of CF3COOEt in 1.5 ml of di- 
glyme was added dropwise with stirring (-78~C) 0.46 g (4.55 mmole) of EtaN in I ml of diglyme, and the mixture 
was stirred for 1 h. The tgF NM:R spectrum at-50~ showed the anion (If) (cf. Fig. I). After 5.5 h at -20~ 
the anion (If) was not recorded in the spectrum, but PhCOF, anions (IIl), (IV), and, presumably (VII) were present 
in a ratio of ~3 : 3 : 2 : 2 (cf. Fig. 2). After 2 h (90~ the mixture contained only PhCOF and anion (IV) (el. Fig. 

3). 

Cleavage of a-Hydro-fl-benzoyloxypentafluoroisobutyryl Fluoride (VIII) by Triethylamine. A mixture of 
1.66 g (13.6 mmole) of PhCOOH, 2.49 g (14.0 mmole) of perfluoromethacrylyl fluoride, and 5 ml of diglyme was 
kept at 20~ for 15 h, to give a solution of the adduct (VIII). IH NMR spectrum: 4.9 t.q. (CH), 6.9-7.8 m (C~Hs) , 
JCH_CF 2 =JcH_CF 3 =7.9 Hz. igF NMR spectrum:-127.3t.q. (COF), -13.7 d.d.t. (CF3) , -8.7 d.d.d.q (CF2) , 

JCFa_CF 2 =JcF3_CO F =JCF2_CO F = 9.8 Hz, JCFa_CH =JCF2_CH = 7.8 Hz, JCF2_o_ H =2.4 Hz. Volatile products 

were pumped off in a vacuum (7 ram), and 0.16 g (1.3 mmole) of CF3COOEt added. The mixture was cooled to 
-90 to- 80~ 1.50 g (14.8 mmole) of Et3N in 4 ml of ether added dropwise with stirring, and stirring continued 
for 20 rain. The 19F NMR spectrum at-70~ showed the anion (Vl) and small amounts of its decomposition 
products. After 6 days at -78~C, the anion (VI) had decomposed to the extent of 70% (as assessed by the reduc- 
tion in the intensity of the COF group signal at-74.7 ppm). The main products were PhCOF and the anions 
(III), (IV), and probably (VII), in a ratio of ~4 : 3 : 1 : 2. At -30~ the anion (VI) decomposed to the extent of 80% 
after only 5 rain. After 72 h at 20~ the solution contained PhCOF and the anion (IV), together with trace 
amounts of impurities (-104.8 s; -102.4 s; -14.5 m; -13.4 m; +31.7 br. s). 

Temperature Dependence of the 19F NMR Spectra of the Triethylammonium Salt of Trifluoromethylmalonyl 
Difluoride. To 0.9732 g (5.53 mmole)  of CFaCH(COF) 2 in 1 ml of diglyme a t - 3 0  to -20~C was added dropwise 
with s t i r r i ng  0.56 g (5.5 mmole)  of Et3N in 1.5 ml of diglyme. The mixture  was warmed  to 20~ the volati le 
products  r emoved  in vacuo (7 ram), and 0.1322 g (0.930 mmole)  of CF3COOEt in 0.5 ml of diglyme added. F o r  
the r ecord ing  of the NMR spec t ra ,  the solution was diluted with an equal  volume of e ther .  The 19F NIV[R spec-  
t r u m  at -80~ showed the i s o m e r i c  anions (IVa-e) in a ra t io  of ~ 8 : 3  : 1 (el. Fig. 4). 

CONCLUSIONS 

i. Reaction of triethylamine with the mixed anhydride of a-hydrohexafluoroisobutyrie and benzoic acids 
results in cleavage of an a-proton to form a salt containing a mesomeric carbanion which is stable at tempera- 
tures below - 40 ~ C. 

2. Cleavage of the triethylammonium salt of the mixed anhydride of c~-hydrohexafluoroisobutyric and 
benzoic acids to benzoyl fluoride and a salt of trifluoromethylmalonyl difluoride involves several reversible 
elimination- addition steps of fluoride and triethylammonium benzoate, together with irreversible cleavage of 
the acid fluoride and mixed anhydride of a-hydro-fl-benzoyloxypentafluoroisobutyric acid. 

3. According to the 19F NMR spectrum, the trjethylammonium salt of trifluoromethylmalonyl all fluoride 
at temperatures below -50~ contains three isomers as a result of restricted rotation around the partialdouble 
bonds C'-'~'-"C in the mesomeric carbanion. 
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fi~Diketones containing a single f luoroalkyl  substi tuent r eac t  with NH- and SH-nucleophiles at the ca r -  
bonyl group bonded to the nonfluorinated substi tuent to fo rm fi-aminovinyl ketones and monothio-fi-diketones 
respec t ive ly  [1], although hydrolys is  of the ~-diketones in neutra l  and bas ic  media occurs  at the carbon bonded 
to the f luorinated substituent. We have previous ly  put forward a mechanism to explain the regiose lec t iv i ty  of 
the reac t ion  of f i -diketones with nucleophiles in t e r m s  of the different  stabil i t ies of the adducts formed [2]. This 
mechanism is confirmed by the fact that reac t ion  of unsymmet r i ca l  polyfluorinated f i -diketoneswithMeOH gives 
predominant ly  the adduct at the carbon bonded to the f luorinated substi tuent [3]. 

This investigation concerns a tH, t~F, and 13C NMR study of the react ion of unsymmet r ica l  polyfluorinated 
fi-diketones with water  in deuteroacetone,  in o rd e r  to elucidate the dependence of the course of the reac t ion  on 
the s t ruc tu res  of the fluorinated and nonfluorinated substi tuents 

CH 

BF--C C--I~ 
L I OH 
OH 0 I 

~$ @ H~0 ~_ RI~--C--CH~--C--P, 
CH2 I II 

/ \ OH 0 
tlF--C C--R 

II !I 
0 0 

t /F= HCF~; CFs; H(CF2)2; C2F5; CaFT; H(CF2)4; C4F9. 
R = Me, Ph, t-Bu 

The PMR spec t ra  of 3-diketones containing f luoroalkyl  and methyl substituents show signals character is t ic  
of methyne and methyl protons (Table 1 g) -(VII)). On adding wate r  to a solution of the fi-diketone in deutero-  
acetone, a signal appears  for  the methylene protons,  at 2.86-3.06 ppm (of. Table 1, ga)-(VIIa)). In addition, the 
PMR spec t ra  of (I), (II), (IV), and (VIII) show resolved signals for the methyl groups of the original  ~-diketone 
and its hydrate.  The i9F NIViR spec t ra  also show signals which may be assigned to the original  fl-diketone ff)- 
(VII) mad the i r  hydrates  (Ia)-(VIIa). The amounts of the f l -keto-gem-diols  (Ia)-(V]Ia), measured  24 h a f te r  the 
addition of water  to a solution of the fl-diketone in deuteroacetone,  va r ies  f rom 2 to 63% depending on the s t ruc -  
t-ure of the f luoroalkyl  substi tuent (cf. Table 1). 

The PMR spec t ra  of solutions of fi-diketones containing fluoroalkyl and phenyl substi tuents [Table 2, (IX)- (XV)] 
with water  in deuteroacetone also show signals for  methylene and methyne protons,  although the amount of the 
hydrated  fo rm in this instance is less than in the case of fl-diketones containing a methyl substi tuent [ef. Table 
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