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The reac t ions  of dimethylformamide (D1V[FA) with organic acid chlorides have rece ived  little study. 
It is known only that benzoyl chloride (Ia) r eac t s  with DMFA under relat ively severe  conditions (at the 
boil) with formation of N,N-dimethylbenzamide 0Ia) [1]. This react ion rea l ly  amounts to t ransamidat ion,  
which in principle  can be effected as an equilibrium react ion for any pair  made up of a disubstituted amide 
and a carboxylic acid chloride [2] 

Scheme 1 
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]I ) - H ; I I :  a =C6H5; b=CH~; c=CF3; d =  (CH3)2CH;e=C3Fv; 

k : CCI~ ~ 

When DMFA (R' = H) is taken as the disubstituted amide, one of the pa r tne r s  in the equilibrium be-  
comes  the unstable formyl  chloride,  which decomposes i r r eve r s ib ly  into carb:on monoxide and hydrogen 
chloride;  the reac t ion  therefore  goes in the forward direction to compIetion. In scheme 1 the f i rs t  act of 
the reac t ion  is attack by the electrophilic carbon atom of the carbonyl group of the acid chloride on the 
nitrogen atom of DMFA. 

It is known that in the f i rs t  stage of the Vi l smeier -Haack  react ion [3] phosgene [4], carbonyl fluoride 
(9 

[5], and oxalyt chloride [6] reac t  with DMFA in such a way that attack by the electrophilic species RCO 
(in Which R = C1, F, COC1) is directed on the oxygen atom of DMFA. An unstable adduct is formed,  and 
its decarboxylation leads to the corresponding methyleneammouium salt: 

ClsCO + OCHN(CH~h -+ ci-~' CO--o--',CHT--N (CHa) 2 + 
l_ . . . . .  ] 

o -co% | | Cl CI--CH=N(CHs)z~- C1 o 

We have investigated the react ions  of carboxylic acid chlor ides  with DMFA, and we have found a 
number of examples which enable us to propose a general  scheme for the react ions  of organic acid chlo-  
r ides  with DMFA. It was found that,  like benzoyl chloride (Ia), acetyl (Ib), t r i f luoroacetyl  (Ic), isobutyryl  
(Id), and heptafluorobutyryl  (Ie) chlorides r eac t  with DMFA with formation of the corresponding N,N-di-  
methylalkanamides (IIb)-(IIe) (see scheme 1). In the case of heptafluorobutyryl chloride (Ie), as well as 
the main product (IIe), heptaf luoro-N,N-dimethyl -2-oxovaleramide  (III) is formed:  

CaF:COC1 _DMFA_+ CsFTCON (CHs)z -4- C3FvCOCON (CH3)2 
(le) (lle) (llI} J~ g~o 

OH 
i 0 C3FTC--C N (CH3)2 
[ 
OH 

(iv). 

The s t ruc ture  of (IIi) was conf i rmed by its IR spectrum (two carbonyl absorption bands) and its F 19 NMR 
spectrum, in which the signal from the C F 3 group is split into a triplet as a result of the spin-spin inter- 
action between the fluorine atoms of the CF 3 and fi-CF 2 groups. Such a character in the spin-spin inter- 
action is in accord with the F 19 NMR spectrum of the CsF 7 group [7] and is analogous to that found in the 
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spectrum of the dimethylamide (He). The structure (Ill) was also confirmed by the formation of the hydrate 
(IV). The mechanism of the formation of (III) will be investigated. Unlike the acid chlorides enumerated 
above, which react in accordance with scheme i, 3,3,3-trifluoro-2-(trifluoromethyl)propionyl chloride (If) 
reacts with DMFA under mild conditions with liberation of carbon dioxide and formation of an unstable 
crystalline substance, which is readily hydrolyzed into the known [8] 3,3,3-trifiuoro-2-(trifluoromethyl)- 
propionaldehyde (vIf) (scheme 2). This result is readily explained if we assume that in this reaction, as 
in the above-cited reaction for phosgene, the initial attack of the electrophilic carbon atom of the carbonyl 
group of the acid chloride is directed onto the oxygen atom of DMFA, which leads to the formation of a salt 
which is decarboxylated into dimethyl[3,3,3-trifluoro-2-(trifluoromethyl)propylidene]ammonium chloride 
(Vf), which is hydrolyzed to the aldehyde (vIf). 

Scheme 2 

~- , i �9 ] -c% 
|R- - tCO---O-- ICH:I~GH~)  2 + ~I R--COG1 q- OCHN (CHa)2~- ~ k L . . . . .  J 

J (I) 
@ 

R - - C H - - N  (CHa)= q- C~ § R - - C t t 0  -k NH (CHa)~.HC1 
(v) (vii 

R : f  = (CFa)2CH; g = (CFa)zC,(]l; h = (CFa)2CBr; i =  (CFa)zC(CHa); 

J: ~--- (CFa)aC; k = C,Cla 

Further confirmation of this reaction mechanism was provided by the investigation of the IR spec- 
trum of the alkylideneammonium salt (Vg); we succeeded in isolating this intermediate product by conduct- 
ing the reaction between 2-chloro-3,3,3-trifluoro-2-(trifluoromethyl)propionyl chloride (Ig) and DMFA in 
diethyl ether solution. Although it was not found possible to obtain the salt (Vg) in a pure state because of 
the occurrence of the side processes considered below, the absorption band of the carbonyl group of the 
original acid chloride at 1760 cm -i was quite clearly absent from its IR spectrum, and a new band appeared 

@ 
at 1691 cm -i, characteristic for the > C =N< group. A product of similar structure was isolated earlier 
by Arnold [4] in the reaction of phosgene with DMFA. 

Acid chlorides which react with DMFA in an analogous way to 3,3,3-trifluoro-2-(trifluoromethyl)- 
propionyl chloride (If), i.e., through the stage of decarboxylation and formation of an alkylideneammonium 
salt (V), are 2-chloro- (Ig) and 2-bromo- (Ih) -3,3,3-trifluoro-2-(trifluoromethyl)propionyl chlorides, 
3,3,3 -trifiuoro-2 -m ethyl-2- (trifluoromethyl)propionyl chloride (Ii), perfluoropivaloyl chloride (lj), and 
trichloroacetyl chloride (Ik). However, the reaction is often complicated by side processes (see below), 
as a result of which it is not always possible to isolate the aldehyde (VI), but only its transformation products. 

Apart from aldehydes, the products of the reactions of 3,3,3-trifluoro-2-(trifluoromethyl)propionyl 
chlorides (If), (Ig), and Oh) and of trichloroacetyl chloride (Ik) with DMFA include the corresponding 
chloroalkanes (VII) and carbon monoxide -- products of the decarbonylation of the original acid chlorides. 

Scheme 3 

R--COC1 DMFA_+ R--C1 -~ CO 
(I) (vii) 

R: f = (CFa)2CH; g = (CFa)2CC1; h = (CFa)2CBr; k ~  CCla 

T r i c h l o r o a c e t y l  ch lo r ide  (Ik) is  the only one of  the ac id  c h l o r i d e s  which  we inves t iga ted  which r e a c t s  
with DMFA in a c c o r d a n c e  with Schemes  1, 2, and 3 s imu l t aneous ly ,  which l eads  to the  f o r m a t i o n  of 
2 , 2 , 2 - t r i c h l o r o - N , N - d i m e t h y l a c e t a m i d e  (IIk), ch lo ra l  (Vlk), and c a r b o n  t e t r a c h l o r i d e  (VIIk). P e r f l u o r o -  
p iva loy l  ch lo r ide  (Ij) r e a c t s  with DMFA with l i be ra t i on  of  one m o l e c u l a r  p r o p o r t i o n  of c a r b o n  dioxide and 
f o r m a t i o n  of a sa l t l ike  p roduc t ,  which on h y d r o l y s i s  g ives  2 H - h e x a f l u o r o - 2 - ( t r i f l u o r o m e t h y l ) p r o p a n e  (VIH). 
Th i s  can  be  expla ined on the a s s u m p t i o n  that ,  under  the condi t ions  of the h y d r o l y s i s  of  the  a lky l idene -  
a m m o n i u m  sa l t  (Vj) (i.e., in aqueous  DMFA at 0~ pe r f l uo rop iva l a ldehyde  (VIj) (pe r f luorop iva la ldehyde  is  
unknown) is  uns tab le  and is  quickly  d e c a r b o n y l a t e d  (see s c h e m e  on following page) .  

The  c o u r s e  of the r e a c t i o n  of  DMFA with 3 , 3 , 3 - t r i f l u o r o - 2 - m e t h y l - 2 - m e t h y l - 2 - ( t r i f l u o r o m e t h y l ) -  
p rop iony l  ch lo r ide  (I_i) is  m o r e  complex .  By conduct ing  the r e a c t i o n  under  mi ld  condi t ions  we w e r e  able  
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(CFs)3CCOC1 + DMFA (CFs)3CCH = N  (CHs)~ -{- t~, 
' - - G O 2  

(ij) (v j) 

-~ [(CF.)aCCHOI -~ (CFa)aCH -I- CO 

(VIj) (viii) 

to i so la te  the cor responding  aldehyde {Vii) a f te r  the hydro lys i s ,  but in v e r y  low yield. Under s e v e r e  con-  
ditions (in a sea led  tube at 140 ~ the only reac t ion  product  was 2-methylpentaf luoropropene  (iX), whose 
s t ruc tu re  follows f r o m  the IR spec t rum and the c h a r a c t e r  of the splitting of the signal f rom i ts  protons  in 
the NMR spec t rum (tr iplet  of a methyl  group adjacent  to a CF 2 group). One of the poss ib le  routes  in the 
fo rmat ion  of the olefin (IX) is  the r e a r r a n g e m e n t  of the a lkyl ideneammonium sal t  (Vi) in accordance  with 
the  scheme  

| @ | | 
CI (CF3)2C--CH = N (CH~)~ ~_ (CF~)a C C1--CH=N (Ctta)z 

CIHa (vii) I CH3 
e 

CF~--=C--CH3 + F 

( IX)  CFa 

The poss ib i l i ty  of such a r e a r r a n g m e n t  has been shown e a r l i e r  [8]. 

In the hydro lys i s  of the a lky l ideneammonium sal ts  obtained f rom 2 -ch lo ro -  and 2 - b r o m o - 3 , 3 , 3 - t r i -  
f luoro-2- ( t r i f luoromethy l )prop ionyl  ch lor ides  (Ig) and (Ih) in each case  a mix tu re  was  fo rmed  of 3 ,3 ,3 - t r i -  
f luoro-2- ( t r i f luoromethy l )prop iona ldehyde  (Vii) and the 2 -ha lo -3 ,3 ,3 - t r i f luo ro -2 - ( t r i f luo romethy l )p rop ion-  
aldehyde (VIg) or  (VIh), r e spec t ive ly ,  which a r e  known subs tances  [8]. To explain th is  phenomenon it mus t  
be  a s s u m e d  that the covalent ly  bound halogen a tom presen t  in the ammonium sa l t  under the influence of 
t h r ee  powerful  e l ec t ron -a t t r ac t ing  groups  can be e l iminated under mi ld  conditions in the fo rm of a cation, 
which halogenates  the solvent.  

(CF3)2~fi-C~-----N(CH3)2 --~ (CFz)2C ~- CH --  N(CH3)2 + Hal 
Hal 

An analogous p r o c e s s  has  been desc r ibed  for  2 -b romo-3 ,3 ,3 - t r i f l uo ro -2 - ( t r i f l uo romethy l )p rop ion ic  e s t e r  
[9]. It  i s  this  loss  of a halogen a tom by the ammonium sal t  which made  it  imposs ib le  to i so la te  [2 -ch loro-  
3 ,3 ,3 - t r i f luo ro -2 - ( t r i f luo romethy l )p ropy l idene] t r ime thy lammonium chloride (Vg) in a pure  state. 

The reac t ion  of DMFA with 2 -b romo-3 ,3 ,3 - t r i f l uo ro -2 - ( t r i f l uo romethy l )p rop iony l  chlor ide  (Ih) is  
compl ica ted  by a l a rge  number  of the side p r o c e s s e s  shown in scheme 4 (in pa r en these s  we give the yie lds  
of the p roduc t s  in pe rcen t  on the acid chlor ide  taken): 

Scheme 4 

(CF3)2C--COCI (CH,)~NCHO (CI-I.hNCHO 
. (CFs)~CBrC1 . . . . . . .  (CF~)2CHC1 

I 
(lh) Br 

+ 

(CH3)2NCHO 

5 --O0~ 

4 

I 2 
(vIIh) (3%) (VIII) (traces) 

(CHs)2NCHO . . . . . . .  
---* (CF3)2C --CHO + (t5/0 s)2tJtiDr 

[ --CO 
Br a (X) (t6%) 

(vIh) (20%) 

+ ~ 
(CHa),NCHO~ F C CH N H | | (CF~)2C--CH=~(CH3)2-U~l +(C 3)3 = -- (C 2)2-UBr+Cl 

(Vf) H~O 

(CF~)2C--CHO (CF~)2CHCHO 
I (vlf) (4o%) 

Br 
(v Ih )  (13%) 

In accordance  with the mechan i sm given in scheme  2 and with considera t ion  of the above-ment ioned  
halogenation of the solvent ,  in this  r eac t ion  the aldehydes (VIh) and (vii) a r e  fo rmed  (by routes  5-6 and 
5 -7-8  respec t ive ly) .  2 -Bromo-2 -ch lo rohexa f luo rop ropane  (vIIh) is  fo rmed  by the decarbonylat ion of the 
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acid chloride (lh) (route 1). As well as these substances the reaction mixture contains 2H-2-bromohexa- 
fluoropropane (X), probably formed by the decarbonylation of the aldehyde (Vlh) (route 3-4). The possibility 
of such a reaction was confirmed in a special experiment. Finally, 2H-2-chlorohexafluoropropane may be 
formed as a result of the bromination of the solvent by the bromochlorohexafluoropropane (VIIh) (route 1-2). 

The greatest interest is presented here by the formation, only in this reaction, of 2-bromo-3,3,3-tri- 
fluoro-2-(trifluoromethyl)propionaldehyde (VIh) before the hydrolysis of the reaction mixture with possible 
bypassing of the stage of the formation of the ammonium salt (vh) (route 3). We consider that in this case 
DMFA may play the role of the donor of a hydride ion and that the reaction of hydride transfer is responsible 
for the formation of the aldehyde. 

o 

(CH3) 2 ~ + (CH~)2N -- COCI 
~-~ \ H  (xt) $ C~H,OH 

(CHa)~N--COOC2H~ 
(xli) 

However, we t r ied  unsuccessful ly  to detect, by th in- layer  chromatography,  one of the possible t r a n s f o r m a -  
tion products  f rom DMFA (XI) in the form of ethyl dimethylearbamate  (XII) after  t reatment  of the react ion 
mixture  with alcohol. Just  as unsuccessful  were our attempts to reduce 3,3,3-trifluoro-2-(trifluoro- 
methyl)propionyI chloride (If) and its 2-chloro and 2 - b r o m o  derivat ives (Ig) and (Ih) with such hydride-ion 
donors as cycloheptatr iene and t r ia lkyls i lanes.  Hence, the question of the possibi l i ty in this case of the 
direct  reduction of the acid chloride (Ih) with dimethylformamide remains  open, 

From the experimental  mater ia l  repor ted  it follows that in a solution of a carboxylic acid chloride 
in DMFA two types of salts are  present simultaneously:  they are  formed as a resul t  of attack by the elee-  
trophitie center  of the acid chloride on the oxygen of DMFA, in the one ease,  and on the nitrogen of DMFA, 
in the other. 

Scheme 5 

| . | R--COCI | | 
R--CO--O--CH=N (CH3)2 + CI ~_ + ~_ B--CO--N (CHs)~ + CI 

I a (CH3)2NCHO ] 

@ | 
R--CH=N (~Hs)~+ C1 + C02 B 

! 

R--CHO+NH (CHs)v HCI $ 
R--CI + CO + (CHs)2NCHO 

CHO 

F c 

R--CON(CHs)2+ CO + HCI 

If an acid chloride in which, because of structural peculiarities, the R--C bond is weakened is 
brought into reaction with DMFA, there occurs decarboxylation (route A) or decarbonylation (route B) 
of the corresponding salts (formed by the acid chloride with DMFA) with formation of the aldehyde or 
the chloroalkane. It should be noted that both these processes occur with acid chlorides of those acids 
which are themselves fairly readily decarboxylated. If, however, into reaction with DMFA we bring the 
acid chloride of a nondecarboxylating acid, then under more severe conditions transamidation occurs 
with formation of the dimethylamide of the corresponding acid (route C). The previously described reac- 
tions of the acid chlorides of the readily decarboxylated carbonic and oxalic acids (route A) [4-6] and the 
nondecarboxylating benzoic acid (route C) with DMFA also fit into the proposed scheme. The main re- 
sults of the investigation are given in Table I. As the yield in reactions by route A is to be understood 
the yield of the corresponding aldehyde or other substances which can be interpreted as products of the 
transformation of the intermediate ammonium salt or the aldehyde. For example, in the case of per- 
fluoropivaloyl chloride (lj) this is the yield of 2H-hexafluoro-2-(trifluoromethyl)propane (VIII); in the 
case of 2-chloro-3,3,3-trifluoro-2-(trifluoromethyl)propionyl chloride (Ig) this is the sum of the yields of 
3,3,3-trifluoro-2-(trifluoromethyl)propionaldehyde (Vii) and its 2-ehloro derivative (VIg), etc. Table 1 
may be useful for the qualitative assessment of the ease with which reaction proceeds along each of the 
directions A, B, and C. 

E X P E R I M E N T A L  

The mixtures  were  analyzed and identified with known samples  (the lat ter  a re  given with re fe rences  
to the method of prepara t ion  in the text) by means  of gas- l iquid chromatography on at least  two columns 
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TABLE 1 

R--COCI 

(C F~)2CHCOCI (If) 
(C F3) 2CCICOCI (Ig) 
(C F3)2CBrCOCI (lh) 
(C F3)3CCOCI (lj) 
C F3)2C (CH3)COCI (li) 
CCI3COC1 (ik) 
CH3COCI (Ib) 
C F~COCI (Ic) 
(CH3)2CHCOCl ~d) 
C3FTCOC1 (le) 

Yield, %, in r e a c -  
tion along the route 

A B 

48 17 
43 40 
75 20 
67 0 
68 0 
10 17 

0 0 
0 0 
0 0 
0 0 

React ion 
temp.,  ~ 

30-60 
0 

--i0-0 
--78 
140 
8O 

153 
120 
153 
100 

Reaction 
t ime 

l h  
30 rain 
15 min 
30 rain 

5 h  
5 h  
2 h  

18 h 
2 h  

45 h 

with different s tat ionary phases and of th in- layer  chromatography on alumina containing 8% of mois ture  
in 1 : 5 acetone-hexane.  The composi t ions of the mixtures  were calculated from a compar ison of the a reas  
of the corresponding peaks in gas- l iquid  chromatography.  

S t a r t i n g  Sub s t a n c e  s .  Dimethylformamide of "Pure"  grade  was dried for one day over  P205 
and distilled twice over  P205 with collection of the fract ion of b.p. 153 ~ 

Acetyl  (Ib), t r i f luoroacetyl  flc), isobutyryl  (Id), heptafluorobutyryl  (Ie), and t r ich loroace ty l  (ik) chlo-  
r ides were  p repa red  in the usual way by t reat ing the corresponding acids with phosphorus pentachloride,  
and they were  purif ied by distillation through a column. 

3 ,3 ,3-Tr i f luoro-2-( t r i f luoromethyl)propionyl  (If) and 2 -bromo-3 ,3 ,3 - t r i f luoro-2- ( t r i f luoromethy l ) -  
propionyl (Ih) chlor ides  were  p repa red  by the action of anhydrous aluminum chloride on the corresponding 
acid fluorides [10], and 2-chloro-3 ,3 ,3- t r i f luoro-2- ( t r i f luoromethyl )propionyl  chloride (Ig) was synthesized 
by the chlorination of bis t r i f luoromethylketene [11]. 

P e r f ! u o r o p i v a l o y l  C h l o r i d e  ( I j ) .  A 50-ml glass  tube was charged  wi th10  g of anhydrous 
aluminum chloride and cooled to --78~ . 14.9 g of perf luoropivaloyl  fluoride [12] was added. The tube was 
sealed, and the contents were careful ly  mixed by shaking. The tube was heated in a boiling water  bath for 
3 h, and was then cooled to --78 ~ and opened; the contents were  vacuum-dis t i l led off. By distillation of the 
condensate through a column with a condenser  thermosta ted  at 28 ~ we isolated 4 g (25%7 of the acid chlo-  
ride (Ij), b.p. 62 ~ (755 mm); m.p. 26.5 ~ Found %: C1 12.6. C5F9C10. Calculated %: C1 12.6. IR spectrum 
(Vmax, cm-i) :  730s; 750s; 760s; 990s; 1070m; 1210m; 1275s; 1360m; 1575m; 1795v.s (C=O). 

3 , 3 , 3 - T r i f l u o r o - 2 - m e t h y l - 2 - ( t r i f l u o r o m e t h y l ) p r o p i o n y l  C h l o r i d e  ( I i ) .  This 
was p repared  like (Ij) f rom 3 ,3 ,3- t r i f luoro-2-methyl -2- ( t r i f luoromethyl )propionyl  fluoride [13] in 64% 
yield; b.p. 77-78 ~ (749 mm); nD 2~ 1.3298. Found %: C1 15.8. CsH~F6C10. Calculated %: C1 15.6, IR 
spect rum (Vmax, cm-1): 800m; 890w; 950m; 1090s; 1160m; 1200-13500v.s; 1470m; 1800s (C=O). 

R e a c t i o n s  o f  D i m e t h y l f o r m a m i d e  w i t h  A c i d  C h l o r i d e s  

T y p i c a l  E x p e r i m e n t .  Two or three t imes the s toichiometr ic  amount of DMFA was introduced 
into a th ree-necked  flask fitted with a s t i r r e r ,  a dropping funnel with a bypass tube, and a reflux condenser  
(in work with low-boiling acid chloride the water -cooled  reflux condenser  was surmounted by a reflux 
condenser  cooled with a mixture  of solid carbon dioxide and acetone) connected through a t rap (--78 ~ with 
a gas holder. The flask was cooled to --78% and the acid chloride was added dropwise with st irr ing.  Then, 
if gas was not l iberated,  by gradual rais ing of the t empera tu re  suitable conditions were  found for the r e a c -  
tion to s tar t ,  and the react ion mixture  was kept at this t empera ture  until the theoret ical  volume of gas had 
been l iberated (CO, CO2, or a mixture  of these). 

When no m o r e  gas came off, all that would distill at a res idual  p r e s s u r e  of 5-7 mm with heating up 
to 50 ~ was driven off into the same trap. The s t ruc tures  of unknown substances were  proved with the aid 
of their  NMR and IR spectra.  
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f o rmed  (40% yield) [15]. Af ter  the 
propionaldehyde (VIg) (5.5% yield) 
and 2H- 2 -cb lo r  ohexaf luoropr  op ane 
extract .  

The reac t ion  m i x t u r e  was then hydro lyzed  with the theore t i ca l  amount of wa te r  with cooling and was 
diluted fur ther  with water  if this was  n e c e s s a r y  for  the dist i l lat ion of the aldehyde or  the l aye r  fo rmat ion  
of the d imethylamide.  After  the separa t ion  of these  p roduc t s  the aqueous -d ime thy l fo rmamide  solution was 
ex t rac ted  repea ted ly  with ether .  The e ther  ex t rac t  was  dr ied and concent ra ted  and then inves t iga ted  by 
means  of gas - l iqu id  and th in - l aye r  chromatography .  

W i t h  3 , 3 , 3 - T r i f l u o r o - 2 - ( t r i f l u o r o m e t h y l ) p r o p i o n y l  C h l o r i d e  ( I f ) .  The reac t ion  
= 

[10 g of (If)] was  c a r r i e d  out for  1 h with gradual  r a i s ing  of the t e m p e r a t u r e  over  the range  30-60 ~ The 
theore t ica l  vo lume of a mix tu re  of CO 2 and CO was l ibera ted ,  and 2H-2-ch lo rohexaf luoropropane  (VIii) was  
fo rmed  in 17% yie ld  [14]. The reac t ion  m ix tu r e  was hydrolyzed and diluted with an equal volume of wate r ,  
and 3 ,3 ,3 - t r i f luoro-2- ( t r i f luoromethy l )p rop iona ldehyde  (VIf) was dist i l led off (48% yield) [8]. In the e ther  
ex t rac t  the d imethylamide  (IIf) was  not detected. 

W i t h  2 - C h l o r o - 3 , 3 , 3 - t r i f l u o r o - 2 - ( t r i f l u o r o m e t h y l ) p r o p i o n y l  C h l o r i d e  ( I g ) .  
The reac t ion  [13 g of (Ig)] s t a r t ed  at 0 ~ and went with l ibera t ion  of heat. With the aid of a cooling bath the ' -  
t e m p e r a t u r e  was  kept  in the range  0-10 ~ Before  the hydrolys is  2 ,2-d ich lorohexaf luoropropane  (VIIg) was 

hydro lys i s  we i so la ted  2 - c h l o r o - 3 , 3 , 3 - t r i f l u o r o - 2 - ( t r i f l u o r o m e t h y l ) -  
[8], 3 ,3 ,3 - t r i f luoro-2- ( t r i f luoromethy l )p rop iona ldehyde  (Vii) (37% yield),  
(Viii) ( less than 1%). No d imethy lamides  w e r e  detected in the e ther  

W i t h  2 - B r o m o - 3 ~ 3 ~ 3 - t r i f l u o r o - 2 - ( t r i f l u o r o m e t h y l ) p r o p i o n y l  C h l o r i d e  ( I h ) .  
The reac t ion  [20 g of (Ih)] s t a r t ed  at --10 ~ and went to complet ion with cooling with ice.  The products  then 
f o r m e d  w e r e  2H-2-b romohexa f luo ropropane  (X) (16% yield) [14], 2 - b r o m o - 3 , 3 , 3 - t r i f l u o r o - 2 - ( t r i f l u o r o -  
methyl)propionaldehyde (VIh) (20% yield) [8], 2 -b romo-2 -ch lo rohexa f luo rop ropane  (VIIh) (3% yield) [14], 
and traces of 211-2-chlorohexafluoropropane (VIii). After the hydrolysis, which was conducted under ice 
cooling, and the dilution with an equal volume of water, 2-bromo-3,3,3-trifluoro-2-(trifluoromethyl)propion- 
aldehyde (VIh) (13% yield) in admixture with the aldehyde (Vii) (41% yield) were driven from the aqueous- 
dimethylformamide solution. No dimethylamide was detected in the ether extract. 

With 2-Bromq-3~3~3-trifluoro-2-(trifluoromethyl)propionaldehyde (VIh). 
A mixture of 4.5 g of (vIh) and 1.3 g of DMFA was heated in a sealed tube for 2 h at 90 ~ The tube was 
cooled and opened, the contents were diluted with water, and all that would come over at the temperature 
of a boiling water bath was distilled off. After drying and distillation we obtained 4.1 g of a product con- 
taining 77% of the original aldehyde (VIh) and 23% of 2H-2-bromohexafluoropropane (X). 

With Perfluoropivaloyl Chloride (Ij). The reaction [0.93g of (lj)]was conducted at 
--78 ~ The theoretical volume of carbon dioxide was liberated. After the hydrolysis of the reaction mix- 
ture, which was conducted with cooling with ice, 211-hexafluoro-2-(trifluoromethyl)propane (VIII) (67% 
yield) was driven off into a trap (--78 r [16]. No dimethylamide was detected in the ether extract. 

With 3,3,3-Trifluoro-2-methyl-2-(trifluoromethyl)propionyl Chloride (li). 
The reaction with 4.8 g of (Ii) was carried out for 4 h with heating in a boiling water bath. 10% of the 
theoretical amount of gas was liberated, and 83% of unchanged acid chloride was recovered. After the 
hydrolysis of the reaction mixture 3,3,3-trifluoro-2-methyl-2-(trifluoromethyl)propionaldehyde (29% on 
the acid chloride that reacted) was obtained. The aldehyde was identified as its 2,4-dinitrophenylhydrazone; 
this had m.p. 143 ~ after dissolution in ether and separation from unchanged 2,4-dinitrophenylhydrazine by 
crystallization from aqueous alcohol from a mixture of alcohol and hexane, and from CCI 4. Found %: 
C 35.8; H 2.3. CIIHsF6N404. Calculated %: C 35.3; H 2.2. 

1.48 g of the acid chloride (Ii) was introduced into a 20-ml glass tube, and with cooling to --78 ~ 2.5 g 
of DMFA was added. The sealed tube was heated for 5 h at 140 ~ and a colorless lower layer formed in 
the reaction mixture; the tube was cooled and opened, and this layer was readily distilled off. We obtained 
I g (68%) of a product of b.p. 9 ~ (745 mm), which was found to be 2-methylpentafluoropropene (IX). IR 
spectrum (Vmax, era-i): 1766 (C = C); PMR spectrum relative to tetramethylsilane: CH 3 -- C = C F2 I, 6 H 

I 
1.75 (triplet),  JH- -F (1 )  3 Hz. The l i t e r a t u r e  [17] g ives  b.p. 12.8 ~ CF32 

W i t h  T r i c h l o r o a c e t y l  C h l o r i d e  ( I k ) .  The reac t ion  [ 1 5 g o f ( I k ) ] w a s  conducted at 80 ~ for  
5 h. ~Vhen the theore t i ca l  volume of a mix tu re  of CO and CO 2 had been l ibe ra ted  f rom the reac t ion  mix tu re  
CC14 (VIIk) (17% yield) was  dr iven off; the r e s idue  was  hydro lyzed  with the theore t ica l  volume of wate r ,  
and chlora l  (V]k) was  dr iven off (10% yield). The res idue  was  diluted with wa te r ,  and 2 ,2 ,2 - t r i ch lo ro -N,N-  
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dimethylace tamide  (Ill) was  s epa ra t ed  (20% yield) and identified by th in - l aye r  ch romatography  with a sample  
p r e p a r e d  f rom the acid chlor ide (ll) and dimethylamine.  

W i t h  A c e t y l  C h l o r i d e  ( I b )  a n d  w i t h  I s o b u t y r y l  C h l o r i d e  ( I d ) .  Each of the acid 
ch lor ides  [21.5 g of 0b) and 10.8 g of (Id)] was  ref luxed with 2.5 t imes  the theore t ica l  amount of DMFA 
until the theore t ica l  vo lume of CO had been l iberated.  In both ca se s  a yield of about 80% of the hydro -  
chlor ide  of the cor responding  d imethylamine  (lib) and (IId) was  obtained, and f rom these  by the action of 
t r i e thy lamine  the d imethylamides  w e r e  i so la ted  in y ie lds  of 60 and 83% respec t ive ly .  The  dimethylamide 
(IId) was  ident ical  to the  produc t  obtained f r o m  the acid chlor ide  (Id) and dimethylamine [18]. 

W i t h  T r i f l u o r o a c e t y l  C h l o r i d e  ( I c ) . .  7 g o f  (Ic) was  heated w i th10  g of DMFA a t 1 2 0  ~ for 
18 h in a Tef lon-coa ted  autoclave.  The autoclaye was  opened, and  the theore t ica l  vo lume of CO was l i b e r -  
ated. The reac t ion  mix tu re  was diluted with th ree  t imes  i t s  vo lume of wa te r  and repea ted ly  ex t rac ted  with 
ether .  The ex t rac t  was  dr ied and evapora ted ,  and we i so la ted  a 67% yield of 2 ,2 ,2 - t r i f l uo ro -N,N-d ime thy l -  
ace tamide  (IIc), ident ical  to a s ample  p r e p a r e d  f rom the acid chlor ide  (Ic) and dimethylamine [19]. 

W i t h  H e p t a f l u o r o b u t y r y l  C h l o r i d e  ( I e ) .  A m i x t u r e o f  8 . 8 g o f  (Ie) a n d 5 g o f D M F A w a s  
heated in a sea led  tube for  20 h in a boiling wa te r  bath. The tube was cooled to --78 ~ and opened to r e l e a s e  
the p r e s s u r e  which had developed, a fu r ther  4 g of DMFA was  added, the tube was  sealed,  and heating was  
continued in the boiling wa te r  bath for  28 h. The tube was cooled to --78 ~ and opened, and again a con-  
s ide rab le  p r e s s u r e  was  revea led .  The contents w e r e  diluted with twice the i r  volume of wa te r ,  the lower  
l aye r  which then fo rm ed  was separa ted ,  and the upper  aqueous l a y e r  was  ex t rac ted  with ether .  The oil 
which had been s epa ra t ed  was combined with the e ther  ex t rac t s ,  which were  then dr ied  with ca lc ium chlo-  
r ide.  E ther  was  dr iven off, and the res idue  was  dis t i l led at 34-100 ~ (26 mm).  The dis t i l la te  contained 
hep ta f luoro-N,N-d imethy lbu ty ramide  (IIe) (43% yield),  ident ical  to the substance  obtained f rom the acid 
chlor ide  (Ie) and dimethylamine [20], and an unknown substance,  which was  identified as hepta f luoro-N,N-  
d ime thy l -2 -oxova l e r am i de  (III) (20% yield). 

To i so la te  (III) the mix tu re  was f rac t iona ted  through a column with separa t ion  of about 75% of the 
d imethylamide (IIe) p r e sen t  [b.p. 64 ~ (20 mm)] ,  and the res idue  ~ a s  p laced  in a Pe t r i  dish in a des icca to r  
containing a l a y e r  of wa te r  in the bot tom. In the cour se  of two days the liquid c rys t a l l i zed  out completely .  
The c r y s t a l s  w e r e  washed  f ree  f rom (IIe) with hexane and dr ied in air .  The subs tance  read i ly  loses  wa te r  
when heated and under the act ion of drying agents;  it is  insoluble in hydrocarbons .  It was  identified in 
the f o r m  of the dihydrate  of hep t a f i uo ro -N ,N-d ime thy l -2 -oxova l e r amide  (IV). Found %: C 27.8; H 3.3; 
F 43.6, CTFTH10NO 4. Calcula ted %: C 27.5; H 3.3; F 43.6. 

IR spec t rum (~max, cm- l ) :  740m; 750w; 825w; 850w; 920m; 1010m; 1085s; l 125v . s ;  l147v . s ;  
l187v . s ;  1200 v.s ;  1225v.s;  1242v.s;  1284v.s;  1338m; 1358m; 1383m; 1467m; 1500w; 1644v.s;  (C----O), 
2842m; 2967m; 3140s; 3325v.s;  3465-3479v.s  (OH). 

When an e therea l  solution of (IV) is  t r ea t ed  with diphosphorus pentoxide in the cold it  loses  two 
molecu les  of wa te r  and is  conver ted  into (IfI), b.p. 82.5-83 ~ (18 mm);  riD2~ 1.3542. Found %: C 31.2; H 2.2; 
N 5.2. CTFTH6NO 2. Calcula ted  %: C 31.2; H 2.2; N 5.2. IR spec t rum (Vmax, cm- i ) :  1760 (C----O) and 1680 
(C----O). The PMR spec t rum contains a methyl  singlet  with 6 2.97 re la t ive  to t e t r ame thy l s i l ane  [20]. 
FIgNMR spec t rum  re la t ive  to BTF. CF 3 --CF21 --CF22 - -CO--CON(CH3) 2, 6 CF 3 18.1 (split t r iplet)  J CF 3 -- 
CF 2 (2), 8.5 Hz; 6CF2(1) 44.5, 6CF2(2) 37.5 (quartet). 

W i t h  2 - C h l o r o - 3 t 3 ~ 3 - t r i f l u o r o - 2 - ( t r i f l u o r o m e t h y l ) p r o p i o n . y l  C h l o r i d e  ( I g ) .  
2 g o f  (Ig) was d isso lved  in 5 ml  of dry  e ther ,  and 1.5 g (an excess)  of DMFA was added dropwise at room 
t empera tu r e .  All opera t ions  were  conducted in a t ightly c losed chamber  containing diphosphorus pentoxide 
and fi l led with a s t r e a m  of dry ni trogen.  Gas was  l ibera ted ,  and a white c rys ta l l ine  substance  was p r e -  
cipitated.  The c r y s t a l s  w e r e  f i l t e red  off, washed repea ted ly  with dry e ther ,  and dried. F rom a pa r t  of 
the substance  a suspension in m i n e r a l  oil was  p r e p a r e d  in the p ro tec t ive  chamber  for  use  in IR s p e c t r o -  
scopy. IR spec t rum:  Vma x 1691 cm -i.  The res idue  was  hydrolyzed with wate r ,  when a mix tu re  of the 
aldehydes (VIg) and (VIf) was formed.  

C O N C L U S I O N S  

1. It i s  shown that  the reac t ion  between carboxyl ic  acid ch lor ides  and d ime thy l fo rmamide  car~ take 
a p rev ious ly  unobserved  course  with fo rmat ion  of the cor responding  carboxaldehydes .  
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2. Depending on the s t ruc tu re  of the acid chlor ide,  e i ther  t ransamidat ion or aldehyde format ion 
can occur.  

3. A genera l  scheme is p roposed  for the reac t ions  of acid chlor ides  with dimethylformamide.  
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Al l  a b b r e v i a t i o n s  of p e r i o d i c a l s  in  the  above  b i b l i o g r a p h y  are l e t t e r - b y - l e t t e r  t r a n s l i t e r a -  

t i ons  of the a b b r e v i a t i o n s  as g i v e n  in  the o r i g i n a l  R u s s i a n  j ou rna l .  Some or  all o f  thi~ peri-  

odical  l i terature maF we l l  be ava i lab le  in E n g l i s h  translat ion.  A comple t e  l i s t  of the  cover - to -  
cover  E n g l i s h  t r a n s l a t i o n s  a ppea r s  at  the back of the f i r s t  i s s u e  of t h i s  year.  
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