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Pre~ ious ly  it was  shown that  the acid  f luoride and e s t e r s  of pe r f l uo rome thae ry l i c  acid (PFMA) r e a c t  
ea s i ly  witk alcohols  to give addition p roduc t s  at the C = C bond [1-3]. Phenol and ce r t a in  m e r e a p t a n s  r e a c t  
in a simil~.r m a n n e r  with the acid f luor ide  of PFMA under  somewhat  m o r e  d ra s t i c  conditions [2]. At the 
s ame  t ime ,  a PFMA dia lkylamide  ea s i l y  gives  the subst i tut ion products  of the vinyl f luor ine  a tom when 
r e a c t e d  with a lcohols  [3]. I t  s e e m e d  of in t e re s t  to study the r eac t ions  of PFMA d e r i v a t i v e s  with o ther  
hydroxy  compounds,  in pa r t i cu l a r  with acids .  

I t  p roved  that  the methyl  e s t e r  of PFMA (I) r e a c t s  ea s i ly  with carboxyl ic  acids  (CH~CO2H and CF 3- 
CO2H ) to give addition p roduc t s  (II)" 

CF~-~CCOOCH~ + RCOOH - - ~  RCOOCF2CHCOOCH3 
l I 

CFa (I) CF~ (II) 
R ~ CH~ (~[), CF~ (b) 

This  r eac t ion  is  comple te ly  uncha rac t e r i s t i c  fo r  e i ther  ~ ,  f l -unsa tura ted  carbonyl  compounds [4] o r  p e r -  
f luoroolef ins  [5] (perf luoroisobutylene  when hea ted  with AcOH does  not r e a c t  in the absence  of a ca ta lys t  
[6]). It  is  obvious that  (I) i s  so e lec t rophi l i c  that  even weakly nucleophil ic  ca rboxyI ic  acids can r eac t  with 
it without a ca ta lys t .  However ,  phenol and pentafluorephenol  do not r e a c t  with e s t e r  ~) under  the s ame  
conditions: th is  s e e m s  s t r ange ,  s ince it is  difficult to a s s u m e  that  the nucleophi l ic i ty  of CF3CO2H is  
g r e a t e r  than the nucleophi l ic i ty  of phenol. 

As was  to be expected,  HC1, which is  p rac t i ca l ly  devoid of nucleophil ic  p r o p e r t i e s ,  does  not  r e a c t  
with e s t e r  (I) in the absence  of a ba se ,  and g ives  adduct (IH) only in the p r e s e n c e  of a cata lyt ic  amount of 
pyr idine (1;he addition of HC1 to per f luore i sobuty lene  a lso  r e q u i r e s  ca ta lys i s  by a ba se  [7]). 

F 
1 

CF2:CCOOCH3 -~ H C I ~  ~ C1C--CHCOOCHa 
I I t 

CF3 (I) F CF3 (IlI) 

The dimethytasrdde of PFMA (IV) behaves  l ike e s t e r  (I) in the r eac t ions  with carboxyl ic  acids (AcOH, 
CF~, CO2H , benzoic  acid),  and r ead i ly  f o r m s  the addition products  (V). 

F 
i 

CF2 =CCON (CHs)2 + RCOOH - - ~  RCOOC--CHCON (CH3)z 
I i 1 
CF~ (IV) F CF~ (V) 

R = CH3 (a), CF3 (b), C6tI5 (c) 

In con t ra s t  to e s t e r  (I), amide  (IV) a lso  r e a c t  with phenols  (C~HsOH and C6FsOH), but much  m o r e  
slowly than with carboxyl ic  acids .  The "vinyl" subst i tut ion p roduc t s  a re  f o r m e d  with the unsubst i tuted 
phenol [cis f o r m  (VI) and t r a n s  f o r m  (VII)I; substant ial  amounts  of c~-hydrohexaf luoroisobutyr ic  acid 
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TABLE 1. Reac t ion  of P e r f l u o r o m e t h a c r y l i c  Ac id  D ime thy l amide  
(IV) with Hydroxy  and M e r c a p t o  Compounds  

r ~ Composition of formed mixture (amount, mole %) Hydroxy or mer- ~ ~ " _ _  
o~" addition eapto compound I~ ~-~ substitution products 

�9 [o .~o product 
formula PKa I ~  cis isomer 

CI~hCOOH 
C~HsSH 
C6FsOH 
C6HsCH~SH 
CeHsOH 
C F3hCHOH 

I 
4,7 I8] <0,2 I (Va) (i00) 7- 
8,0181 I 5--t01 -- I (XIiIa) (--55) 
5,5191 115--201(IX) (-S0)l (X) (-5) 
- i2  * ] 30--40] -- J (XIIIS) (-45) 
9,9181 -tOO I -- I (VI) (~t5) 
9,3 [t01 >800 [ -- 

* The pK a of ethyl mercaptan i~ given [8]. 

t~ans isomcr 

(XIVaV(~t5) 
(Xl) (-5) 

(XlV6) (-to) 
(VII) (~50) 

~'-hydrohexa- 
fluo~oimbutyric 
acid dimethyl- 
amide (VIII) 

( - 4 5 )  
(-35) 

d ime thy lamide  (VIII) a r e  f o r m e d  h e r e ,  ev ident ly  by the addit ion of the l i b e r a t e d  HF  to  the  s t a r t ing  amide  
(IV). The  subs t i tu t ion  p r o d u c t s  (VI) and (VII) w e r e  a l so  obta ined by the r e a c t i o n  of amide  (IV) with sod ium 
phenoxide.  

CF2----CCON (CHa)2 + CsHsOH --~ 
i 

CFs (IV) 

CsHzO CON(CI~)a F CON(CH~)~ 
\ / \ / 

C=C + C=C +.HF 
/ / \ 

F \CF3 C6H50 CF3 
(VI) (VII) 

(IV) + HF ~ (CF@2CHCON(CHs)2 
(VIII) 

(IV) + CsHsONa --* (VI) + (VII) 

A s t r o n g e r  ac id ,  n a m e l y  pen ta f luorophenol ,  r e a c t s  with amide  (IV) m o r e  r ap id ly  than does  phenol.  
H e r e  the m a i n  p roduc t  is  the addit ion p roduc t  (IX), while  the subst i tu t ion p r o d u c t s  (X) and (XI) a r e  f o r m e d  
in smal l  amoun t s  (Table 1). 

CFz=C--CON(CH3)2 + CsFsOH -~ CsF*OCF~CHCON(CHs)~ 

CF6 (IV) CFs (IX) 
CoFsO CON(CH3)~ F CON(CHsh 

\ / \ / 
+ c = c  + c = c  + (vm) 

/ \ / \ 
F CFa C6F~O CFs 

(x) (xl) 

Hexaf luo ro i sop ropy l  a lcohol ,  whose  ac id i ty  is  c lose  to tha t  of phenol,  does  not  r e a c t  with d i m e t h y l -  
amide  PMFA.  At the s a m e  t i m e  amide  (IV), in c o n t r a s t  to e s t e r  (I), e a s i l y  r e a c t s  with HC1 without  a c a t a l y s t  
in a nonpo la r  solvent  (hexane) to give the addit ion p roduc t  at the C = C bond (XII). Apparen t ly ,  the b a s i -  
c i ty  of the amide  funct ion is  suff ic ient  f o r  the par t ia l  bonding of a proton;  as  a r e su l t ,  on the  one hand, 
the  amide  (IV) m o l e c u l e  i s  ac t iva ted ,  and, on the o the r  band,  the nuc leophi l ic  C1 ~ anion a p p e a r s  in the 
m i x t u r e .  I t  i s  poss ib le  tha t  the b a s i c i t y  of the amide  funct ion a l so  p lays  an i m p o r t a n t  ro le  when a P F M A  
dia lky lamide  is  r e a c t e d  with ca rboxy l i c  ac ids  and with phenols .  

F 

CF2 =CCON (CH3)2 + HCI --~ CIC--CHCON (CH3)2 

CF3 (IV) F CF~ (XlI) 

The th io l s ,  thiophenol  and benzyl  m e r c a p t a n ,  r e a c t  quite s lowly with amide (IV) (PhSH r e a c t s  m o r e  
r ap id ly  than PhCH2SH ) and f o r m  only the subst i tu t ion p roduc t s ,  (XIII) and (XIV), and a - h y d r o h e x a f l u o r o -  
i sobu ty r i c  ac id  d ime thy lamide  (VIII). 

RS CON (CHs)2 F CON(CH3)2 
\ / \ .  / 

CF2----CCON (CH3)2 + RSH --~ C=C + C=C 
I / \ / \ 

(IV) CF3 F CFa RS CF3 
(XliI) (xiv) 

B = Cell5 (a), C6HsCH2 (b) 

+ (VIII) 

130 



T
A

B
L

E
 

2.
 

C
o

m
- 

p
o

u
n

d
 

x 

(I
Ia

) 
O

C
H

3 

0I
D

 
0

C
~

 
(I

II
) 

O
C

H
a 

(V
a)

 
N

(C
H

a)
~ 

(V
b)

 N
(C

H
~)

~ 
(V

c)
 

N
 (C

H
a)

2 
(I

X
) 

N
(C

H
a)

~ 
(X

II
) 

N
 (C

H
a)

2 
(X

V
) 

N
 (C

H
3)

2 b
lM

R
 S

p
ec

tr
a 

o
f 

C
o

m
p

o
u

n
d

s 

Y
 

S
ol

ve
nt

 

C
H

sC
O

0 
] 

' C
Fz

C
O

O
 [

 
C

I 
C

H
A

C
O

0 
] 

C
Fs

C
O

0 
C

sH
sC

O
O

 
C~

Fs
O 

CI
:h

CN
 

C
1 

C
H

aC
N

 
C

H
aC

O
S 

[ C
H

sC
N

 

F 
A

 

J 
Y

C
 --

C
 H

C
 O

X
 

b;
 

t C
F

 a
 

PM
R

 s
pe

ct
ru

m
 a 

~,
pp

m
 

X
 

--
 

I 
3,

61
 

C
Fa

C
O

O
H

 
3,

 5
2 

C
I~

C
N

 
[ 

3,
43

 
C

H
aC

N
 

[2
,8

0 
+ 

2,
95

 
C

Fs
C

O
O

H
] 2

,8
4 

+ 
3,

00
 

C6
H

8 
2,

83
 +

 3
,0

2 
2,

74
 +

 2
,9

5 
2,

85
 +

 3
,0

0 
2,

78
 +

2,
95

 

i,
95

 

2,
00

 

7,
i-

-7
,9

 

2,
15

 

C
H

 

4,
20

 
4,

00
 

1,
9t

r 
4,

70
 

4,
46

 
;,1

7n
 

4,
70

 
4,

75
 

4,
90

 

J,
 t

tz
 

I 
8,

2 
[i

0
,0

 
7,

4 
9,

8 

7,
8 

9
,8

] 
7,

5 
9,

6_
 

7,
51

 

7,
7 

I 
t3

,t
 

19
Fb

 N
M

R
 s

pe
ct

ru
m

 
ch

em
ic

al
 s

hi
ft

, p
pm

 

C
F
s
 

F 
A

 
F 

B
 

--
t2

,5
 

--
i2

,t
 d

 
--

i3
,7

 
--

t4
,3

 
--

t4
,0

 d
 

--
t4

,8
 

--
13

,4
 f 

--
t4

,7
 

--
t5

,8
 

e 
--

5,
86

 d
. 

q.
 

--
5,

26
 d

. 
q.

 c
 

--
26

,3
8 

I 
--

20
,t

2 
--

6,
45

 
--

7,
30

 
--

6
,3

 e 

--
9,

1 
d.

 q
. c

 
--

7
,4

m
 

--
24

,4
1 

--
28

,3
9 

--
1,

48
 

--
5,

4t
 

J,
 

H
Z

 

8,
1 

t0
,1

 
10

,1
 

7,
3 

9,
7 

9,
7 

7,
4 

10
,8

 
t0

,8
 

7,
8 

9,
9 

9,
9 

7,
4 

9,
7 

9,
7 

7,
3 

9,
9 

9,
9 

7,
4 

8,
8 

--
 

7,
1 

9,
7 

9,
9 

7,
6 

t0
,t

 
t3

,2
 

-
-

4
 

I 

17
3 

15
5 

t6
5 

24
2 

*a
) 

C
H

sC
O

 s
, 

C
~H

s 
m

, 
O

C
H

a 
s,

 N
(C

H
a)

2 
tw

o 
s,

 C
H

t.
 q

. 
b)

 C
Fa

 d
.t

, 
F A

 
B

 
an

d 
F 

(A
B

 s
ys

te
m

 w
it

h 
sp

li
tt

in
g 

in
to

 d
. 

cO
; C

6F
 s 

in
 c

om
po

un
d 

(I
X

) 
= 

th
re

e 
m

ul
ti

pl
et

s 
at

 ~
 7

4,
 ~

 7
0,

 a
nd

 ~
 8

5 
pp

m
. 

c)
 F

 A
 a

nd
 V

 B
 a

re
 e

qu
iv

al
en

t,
 

d)
 S

ig
na

ls
 f

ro
m

 C
F3

C
O

 g
ro

up
: 

(l
ib

) 
--

 1
. 0

 s
, 

(V
b)

 -
 

0.
8 

s.
 e

) 
M

ul
ti

pl
et

 (
ce

nt
er

 
of

 A
 B

 p
or

ti
on

 o
f 

A
B

M
X

, 
sy

st
em

),
 

i)
 B

ro
ad

 s
ig

na
l 

du
e 

to
 a

dd
it

io
na

l 
sp

li
tt

in
g.

 



TABLE 3. I~F bTMR Spect ra  of Compounds YCF = CCON(CHs) 2 
I 
CF 3 

l " Com- 
"r pound 

CsHaO (VI) 
C~FsO (X) 
Callas (XIIIa) 
C~HsCH~S (XIIlb) 

CF a, d, CF q. 

cis Isomer 
chemical shift, 

/ 
CF~ " 1  CF * 

--20,7 I --5,2 --t9,t t  
--20,0 --2,5 
--20,4 --2,3 

J, Hz 

16,i 
t6,6 
i6,2 
t6,4 

trans Isomer 

pound Corn- I - -  chemicil CF, * ~ ~ shift.cl~ * 

(VII) --20,3 ~ --7,i 
(XI) I --18,2r 

l (KIVa) ] --2t,6 -~,5 
(XlV6) I --23,9 --4, t  

T The signals are br6ad due to additional couplings. 

J, Hz 

t2,1 
ti,5 
i2,2 
12,9 

Thioacet ic  acid r e a c t s  eas i ly  with amide (IV), but he re  a mix tu re  of p roducts  was  obtained, f r o m  
which we were  able to i so la te  the thiolacetyl  der iva t ive  {XV) in low yield. 

F 
I 

CF~=CCON(CI43)z ~- CHaCOSH ---- CH3COSC--CHCON(CHa)~ 
i [ i CFs (IV) F CF~ (XV) 

The reac t ion  ra t e  of the PFMA der iva t ives  with nucleophiles  as a function of the c h a r a c t e r  of the 
l a t t e r  does not lend i t se l f  to s imple  t r e a tmen t .  F o r  d imethylamide (IV) the reac t ion  r a t e  with nucleophiles  
d e c r e a s e s  in the following order :  RCOOH (pKa 0.2-4.7) > AlkOH (pKa N 18) > C6HsSH (pKaS.0) > CsF5OH 
(pK a 5.5) > C6HsCH2SH (pKa ~ 12) > C6H~OH (pKa9.9) >> (CFs)2CHOH (pKa9.3) .  As can be seen,  t h i s  
o rde r  in no way coincides with the o rde r  of change in the acidity.  It is  poss ib le  that the reac t ion  
m e c h a n i s m  changes when the na ture  of the nueleophile changes substant ia l ly .  Depending on the ac id-  
ity of the reagent ,  in the ca se  of d imethylamide  (IV) the bas ic  p rope r t i e s  of the amide  function ("in- 
t r a m o l e c u l a r  bas i c  ca ta lys i s" )  can exer t  a va r i ab le  effect.  In any case ,  these  p rob l ems  r equ i r e  
fu r the r  study. The s a m e  can also be  said concerning the r ea sons  for  the different  d i rec t ion of the 
r eac t ions  of PFMA der iva t ives  with nueleophi les .  The g rea t  tendency of amide (IV) to give substi tution 
products  is  p robably  a lso  r e l a t ed  to the bas ic  p r o p e r t i e s  of the amide function (cf. [3]). In addition, the 
+M effect  of the Y subst i tuent  should play an impor tan t  ro le  in the fo rmat ion  of the substi tution products ,  
since it  fac i l i ta tes  the c leavage  of F e anion f r o m  the in te rmedia te ly  f o r m e d  par t i c le ,  fo r  example ,  f r o m  
carban ion  (XVI). I f  the +M effect  is  smal l ,  a l a rge  amount (or even exclusively)  of the addition product  
i s  f o r m e d  due to a t tack  by the proton on the carbanion cen te r .  When reac ted  with carboxyl ic  acids  (Y = 
RCOO), both e s t e r  (I) and amide (IV) give only addition products ,  which is  evidently explained by the 
e lec t ron-wi thdrawing  effect  of the RCO group. 

~.~ Y COX 
(% -re / 

~-;-~--?cox ----,- \ c = c  + ":--" / \ 
F CF 3 F CFa 
(xv]) 

FH 
+~| ! L 

(xvI) . . . . . . . . . .  YC-CCOX 
I I 
F CF3 

F COX 
\ / 
C=C 

/ \ 
Y CF~ 

Prev ious ly  it was  shown that  when perf luoroisobutylene  is r e ac t ed  with AcOH in the p re sence  of 
Et3N it g ives  the decomposi t ion products  of the in te rmedia te ly  fo rmed  adduct, namely  CH3COF and (CF3) 2 
CHCOF [6]. It  p roved  that  the addition products  of carboxyl ic  acids to PFMA der iva t ives  when heated  
[and adduct (Vb) a lso  at  room t empera tu r e ]  also decompose  in a s i m i l a r  manne r  into two acid f luorides:  
RCOF and (XVII). These  t r a n s f o r m a t i o n s  r e p r e s e n t  a convenient method for  the p repa ra t ion  of t r i f l uo ro -  
methylmalonic  acid de r iva t ives  that  contain one acid f luoride function. 

RCOOCF~CHCOX ----  RCOF + FCOCHCOX 
t { 
CFa CFa 

(IIa), (Va, b) (XVII)  
X = OCII~ (XVIIa), N(CHa)~ (XVIIb) 
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EXPERIMENTAL METHOD 

The PMR spectra were taken on a Perkin--Elmer R-12 spectrometer (60 MHz) using TMS as the 
external s~;andard, while the 19F NMR spectra were taken on Hitachi (56.46 MHz) and Perkin--Elmer R-20 
(56.46 MHa) spectrometers using CF3COOH as the external standard. The chemical shifts are given in 
parts per million from TMS and CF3COOH , respectively. The NMR spectra of the obtained compounds 
are given ::n Tables 2 and 3. The IR spectra were taken by L. P. Volkova on a UR-20 spectrometer (as a 
thin layer). 

Methyl E ster of ~-Hydro-fi-acetoxypentafluoroisobutyric Acid (IIa). To 5.7 g of the methyl ester 
of PFMA iI) was added 1.8 g of AcOH in drops. When exothermic reaction had ceased the mixture was 
distilled to give 4.6 g (61%) of ester (IIa), bp 48-49 ~ (3 ram). Found: C 33.89; H 2.86; F 38.01%. CTHTFsO4. 
Calculated: C 33.62; H 2.82; F 37.98%. 

o.'-Hydro-fl-aeetoxypentafluordisobutyrie Acid N,N-Dimethylamide (Va). The same as the preceding, 
from 5.7 g of PFMA dimethylamide (IV) and 2.3 g of AcOH we obtained 6.6 g- (89%) of amide (Va), bp 86- 
87 ~ (2 mm~. Found: C 36.41; H 3.90; F 37.43; N 5.33%. CsHIeF~O 3. Calculated: C 36.51; H 3.83; F 36.10; 
N 5.32%. :!nfrared spectrum (v,cm-l); 1675 (C = O), 1800 (C = O). 

Methyl E ster of ~-Hydro-fi-trifluoroacetoxypentafluoroisobutyric Acid (IIb). Excess CFsCOOH was 
added to a small amount of methyl ester (I). Via the IH and 19F NMR spectra it was found that the starting 
ester (1) L,I converted completely to the addition product (lib) in N 0.5 h. A solution of ester (IIb) in 
CF3COOH is stable at --20 ~ 

-I~Tdr_drg_~-triiluoroacetoxypentafiuoroisobutyric Acid N, N-Dimethylamide (Vb). Amide (Vb) was 
obtained irL a similar manner (without isolation) from the PFMA dimethylamide (IV). Amide (Vb) when 
kept at ~ 20 ~ for a day decomposes almost completely into CF3COF [19F NMR spectrum: --1.7 d (CF3); 
-- 92.0 g (COF), JCF3_CO F = 6.5 Hz] and the acid fluoride of the N,N'dimethylamide of trifluoromethyl- 
malonic acid (XVIIb) (data of iH and 19F NMR spectra). 

-Hydro- fi-benzoyloxypentafluordisobutyric Acid N, N-Dimethylamide (Vc). A solution of excess 
benzoic acid in benzene was added to a small amount of dimethylamide (IV). After several hours at ~20 ~ 
it was fot~Ld via the NMR spectra that amide (IV) is converted completely to the addition product (Vc). The 
latter product is stable at ~ 20 ~ 

-Hydro- f i - ch lo ropen ta i luo ro i sobu ty r i c  Acid N,N-Dimethy lamide  (X/I). E x c e s s  d ry  HCI was passed  
slowly into a mix tu re  of 3.9 g of d imethylamide  (IV) and 4 ml  of hexane.  The prec ip i ta te  of amide (XII) ob-  
ta ined on conclusion of exo thermic  reac t ion  weighed 2.8 g (69%), mp  68-69 ~ ( f rom hexane).  Found: C 29.93; 
H 2.96; F 39.74; Iq 5.56%. C6HTC1FsNO. Calculated:  C 30.08; H 2.95; F 39.65; N 5.85%. 

Methyl E s t e r  of ~ -Hydro - f i - ch lo ropen ta f tuo ro i sobu ty r i c  Acid (III). E x c e s s  d ry  HCI was pas sed  into 
a solution of a smal l  amount of methyl  e s t e r  (I) in a hexane- -benzene  mix tu re  (no reac t iou  according  to 
the NMR spect rum);  then one drop of pyridine was  added and HC1 was pas sed  in again,  a f t e r  which the 
solvents  ~ e r e  vacuum-dis t i l l ed ,  and the res idue  proved  to be a lmos t  pure  e s t e r  (III) (identified by the 
NMR spec ;ra) .  

-Tc i f l uo rom e t hy I -  f i - f luoro- f i -phenoxyacry l ic  Acid N, N-Dime thy lamides  (VI) and (VII). With s t i r -  
r ing,  2.3 g of d ry  sodium phenoxide was gradual ly  added at ~ 20 ~ to a solution of 3.4 g of d imethylamide  
(IV) in 25 imI of abs.  e ther ;  the m i x t u r e  was s t i r r e d  for  another  1.5 h, and the p rec ip i ta te  was  f i l te red .  
Distillatio:~ of the f i l t ra te  gave 3.5 g (76%) of a mix tu re  of crude unsa tura ted  amides  (VI) and (VII), bp 118- 
120 ~ (2 m ~ ) .  PMR spec t rum:  2.48 and 2.66, two s [(CHs)2N, c is  i s o m e r  (VI)]; 2.58 and 2.69, two s [(CHu)2N, 
t r a n s  iso.mer (VII)], ~ 6.9 m (C6H5). 

-Hydro- f l -pen ta f luorophenoxypen ta i luoro i sobu tyr ic  Acid N, N-Dimethy lamide  (IX). A mix tu re  of 
1.8 g of d imethylamide  (IV), 1.5 g of pentaf luorophenol ,  and 2.5 ml  of benzene was ref luxed fo r  2.5 h. 
Dis t i l la t ioa  gave 2.0 g (68%) of crude  addition product  (IX), bp 115 ~ (1 mm) .  The product  i s  contaminated 
with amides  (X) and (XI) (RrMR spec t ra ) .  

-Hy_dro-f i - thiolacetylpentaf luoroisobutyr ic  Acid N, N-Dimethy lamide  (XV). To 6.3 g of d imethyl -  
amide  (IV~ was added 2.4 g of th ioacet ic  in drops .  When exo the rmic  reac t ion  had cea sed  the mix tu re  was 
dis t i l led  to give 1.6 g (18%) of amide  (XV), bp 92-93 ~ (3 mm) .  Found: C 34.41; H 3.54; F 34.13; N 5.43%. 
CsH10FsNO2S. Calculated:  C 34.41; H 3.61; F 34.02; N 5.02%. In f r a r ed  spec t rum ( v , c m  -1) 1670 (C = O), 
1720 (C = 0) .  
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Reaction of Dimethylamide (IV) with Hydroxy and Mercapto Compounds. A solution of equimolar 
amounts of the reactant and dimethylamide (IV) in a little benzene was kept at ~20 ~ To approximately 
determine the half-reaction times of the starting amide (IV) the reaction products were analyzed via the 
igF NMR spectra; then the mixtures were kept until the conversion of amide (IV) was almost complete, 
and the compositions of the formed mixtures were determined (see Table 1). 

Acid Fluoride of Acid Methyl Es t e r  of Trifluoromethylmalonic Acid (XVIIa). The methyl es te r  of 
-hydro-~-acetoxypentafluoroisobutyric acid (IIa) (2.3 g) was refluxed for 10 min using an air  condenser 

(bath temperature ~ 0.5 g (~ 90%) of CH3COF. Distillation of the residue gave 1.5 g (87%) of acid fluoride 
(XVIIa), bp 121-123 ~ Found: C 32.57; H 2.14; F 41.36%. CsH4F403. Calculated: C 31.93; H 2.14; F 40.41%. 
PMR spectrum: 3.56 s (CH30); 4.31 q (CH), JCH--C_F~ = 7.7 Hz. 19F NMR speetrttm- --11.4 d.d (CF3); 
, 123 .4  q (COF), JCF~--COF = 9.9, JCF3_CH = 7.7 Hz. 

Acid Fluoride of N,N-Dimethylamide of Trifluoromethylmalonic Acid (XVIIb). In a similar manner, 
from 4.4 g of ~-hydro-~-acetoxypentafluoroisobutyric acid dimethylamide (Va) after 40 min (bath temper-  
ature 145-150 ~ we obtained N 1 g (N 95%) of CH3COF [PMR spectrum: 1.74 d (CH3) , JCH~--COF = 7.5 Hz. 
l~F NMR spectrum: --127.1 q (COF), JCOF_CH 3 = 7.5 Hz] and 1.8 g (54%) of acid fluoric~e (XVIIb), bp 79- 
80 ~ ( 1 ram). Found" C 35.76; H 3.89; F 38.03; N 6.78%. C6H6F4NO2. Calculated: C 35.83; H 3.51; F 37.79; 
N 6.96%. PMR spectrum (In CH3CN): 2.87 and 3.04, two s [(CH3)2N; 5.23 d.q (CH), JCH--COF = 3.6, 
JCH_CF 3 = 7.2 Hz. lSF NMR spectrum (in CH3CN): --11.7 d.d (CF3); --119.7 d.q (COF), JCF3_CH = 7.2, 
JCF3_CO F = 11.3, JCOF--CH = 3.6 Hz. 

C O N C L U S I O N S  

1. Perfluoromethacrylie acid derivatives (methyl es ter  and dimethylamide) easily add carboxylic 
acids at the C =C bond to give comparatively stable a-hydro-B-acyloxypentaftuoroisobutyric acid deriv-  
atives. These adducts when heated are cleaved to the corresponding acyl fluoride and ~-hydro-~ -fluoro- 
carbonyltrifluoropropiordc acid derivative. 

2. Hydrogen chloride adds to the perfluoromethaerylic acid dimethylamide to give the a - h y d r o - E -  
chloropentafluoroisobutyrie acid derivative. The perfluoromethacrylic acid es ter  reacts  in a similar  
manner only in the presence of a base. 

3. The perfluoromethacrylic acid dimethylamide when reacted with phenol, thiophenol, and benzyl 
mercaptan gives the substitution products of the vinyl fluorine atom (mixture of cis and trans isomers),  
while with pentafluorophenol it gives a mixture of substitution and addition products. 

4. The reaction rate of the perfluoromethacrylic acid dimethylamide with nucleophlles decreases 
in the order: RCOOH > AIkOH > C6HsSH > C6F5OH > C6H5CH2SH > C6H5OH >> (CF3)2CHOH. 
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