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Ketene d imers  were obtained s imultaneously with ketches [3], and up until recent ly  it was thought that 
monoalkylketenes (I, R 1 = H) formed fi-lactone d imers  (II), while disubstituted ketenes formed cyclobutane- 
dione d:.mers (III) [4, 5]. 

or 111 = R 2 = CF S. 
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Although the grea te r  par t  of available data fails into this scheme,  at present  monoalkylketene d imers  are  
known which have the cyclobutanedione s t ruc ture  [6, 7], and f l - lactone d imers  of dimethyl-  and diphenyl- 
ketene have been prepared [8-10]. Systematization of l i terature information [7] leads to the conclusion 
that any pure ketene spontaneously d imer izes  to the cyclobutanedione dimer  (IID (see, however,  re fe rence  
[11]). The f l - lactone d imers  (II) a re  obtained as the resul t  of a catalyzed process  in which t e r t i a ry  amines 
or  their hydrochlor ides  [7, 12], sodium methoxide [8], N-methyHmidazole [9], Lewis acids [7, 13] or t r i -  
ethyl pbosphite [10] are  all effective as catalysts .  (For more  detailed discussion of ketene dimerizat ion,  
see re fe rence  [14].) 

bJ:s(TrifIuoromethyl)ketene(Ia) does not d imer ize  spontaneously [15], but under the action of Lewis 
acids undergoes i somer iza t ion  [16] into per f luoromethacry ly l  fluoride (IV). Triethylamine also causes 
this isomerizat ion,  but the end-product  is a d imer  of the acid fluoride (IV) - the 5-1actone (V) [15, 17]. 

F F 
CFs C F a ~ O  = 
I N E ~  0 

(CFs)~C=CO NEta § CF2= CCOF -----> 

or Lewis acids "' C'FJ 
(Ia) (IV) F CF. a 

(V) 

We have shown that bases with reduced electron density on nitrogen compared to tr iethylamine,  such 
as diethylni trosoamine,  te t raa lkylureas ,  or  dimethylacetamide,  or also tr iethyl  phosphate, a re  not capable 
of causing the i somer iza t ion  of bis( tr if luoromethyDketene to acid fluoride (IV). Under the catalytic action 
of these substances bis(tr if luoromethyl)ketene fo rms  the f i - lactone dimer  (IIa). Dimer (IIa) is a color less ,  
mobile liquid with an agreeable  odor; inhalation of a smal l  amount of its vapor  causes a severe  headache. 
The dirt er izat ion catalysts listed above do not dissolve in lactone (IIa) in the cold, and as the dimerizat ion 
of ketene (Ia) proceeds,  they separa te  in the form of an upper layer.  Heating increases  the mutual solubil-  
i ty of lactone (IIa) and the base, the mixture becomes homogeneous, and a vigorous decomposit ion of d imer  
(IIa) takes place in it, accompanied by cleavage of a hydrogen atom from the catalyst.  

* Previous  communications,  see r e fe rences  [1, 2]. 
t T h i s  ar t ic le  is published on the basis  of a July 12, 1962,decision of a conference of the ed i to rs - in -ch ie f  
of the journals  of the Academy of Sciences of the USSR as the disser ta t ion work of Yu. B. Aronov. 

Institute of Heteroorganic  Compounds, Academy of Sciences of the USSR. Translated f rom Izves t iya  
Akademii Nauk SSSR, Seriya Khimicheskaya, No. 8, pp. 1758-1768, August, 1967. Original ar t ic le  sub- 
mitted Apri l  4, 1967. 
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(CFs)2C=C--C (CFs)~ - ~  (I) ~- (IV) I~__H~ | _ -,- _ R + (CFs)=CHCOF + CF,=CCO 
I I I 
O - -CO CFs 
(I Ia) (vl) 

Hexaf luoro isobutyry l  f luoride (VI) is formed as a r e su l t  of this reac t ion .  Die thyini t rosoamine and d imethyl -  
ace tamide  cause the decomposi t ion of d imer  (Ha) pa r t i cu la r ly  eas i ly  on mild warming.  Dimethyln i t roso-  
amine,  in dist inction f rom die thylni t rosoamine,  has apprec iab le  solubil i ty in lactone (IIa) and the re fo re  an 
a t t empt  to use it as  a d imer iza t ion  ca ta lys t  for  b is ( t r i f luoromethyl)ketene  led to the format ion  of acid f luo- 
r ide (VI) as the sole  reac t ion  product .  The m o s t  success fu l  d imer iz ing  agent  proved to be t e t r amethy lu rea ,  
use of which gives lactone (IIa) in close to quanti tat ive yields .  

The re  is  a r e m a r k a b l e  di f ference in the reac t ion  of b is ( t r i f luoromethyl)ketene  with such pa i r s  of r e -  
lated subs tances  as  ethyl n i t r i t e -d ie thyn i t rosoamine  or d ime thy l fo rmamide-d imethy lace tamide ,  which do 
differ ,  however ,  in the i r  bas ic i ty .  The f i r s t  compounds in the indicated pa i r s  - ethyl n i t r i te  [18] and di-  
me thy l fo rmamide  [19] - add to ketene (Ia), while the la t ter  ones, which a r e  s t ronger  bases ,  d imer i ze  it. 

A s t i l l  g r e a t e r  d i f ference  is observed  in the actions of compounds of t r iva lent  and pentavalent  phos-  
phorus on ketene (Ia). As has been said above, t r ie thyl  phosphate d i m e r i z e s  ketene (Ia), but t r ie thyl  phos-  
phite en te rs  into a new in te res t ing  reac t ion  with it, as a r e su l t  of which te t rak is ( t r i f luoromethyl )a l lene  
(VIII), t r ie thyl  phosphate and carbon monoxide a r e  formed.  

(la) + P(OEt)3--'~ (CFa)2C-T~C~C(CF3) ~ - -~  (CF3)2C-~-C~C(CF3) 2 + PO(OEt) 3 + CO 

(vHO 

o -~ P(OEt) 3 

(vii) 

The one of the poss ib le  reac t ion  schemes  which is presented  he re  includes the in te rmedia te  format ion  of 
a f i v e - m e m b e r e d  phosphorus-conta in ing cyclic  compound (VII) f rom two molecules  of ketene (Ia) and one 
molecule  of t r ie thyl  phosphite and i ts  subsequent  decomposi t ion into the reac t ion  products .  In favor  of this 
hypothesis  is the fact  that mixing the r eagen t s  at  a t e m p e r a t u r e  below 0 ~ gives a homogeneous productwhich 
c rys t a l l i zes  on m o r e  intense cooling ]probably compound (VII)]; fur ther ,  on warming  to 0 ~ carbon monox-  
ide is evolved and the al lene (VIII) gradual ly  s epa ra t e s  in the fo rm of a co lor less  lower layer .  I t  is diffi-  
cult to say much of the spec ia l  fea tures  of b is ( t r i f luoromethyl )ketene  in the reac t ion  with t r ie thyl  phosphite, 
s ince this reac t ion  has  hardly  been studied with ord inary  ketenes.  I t  is only known that diphenylketene is 
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converted into tolane under the action of t r ie thyl  phosphim [20], while dimethylketene (I, lq = CH a) forms a 
f i - lactone dimer  (II) [10]. It  is possible that in the example we have studied the f i rs t  react ion stage is for -  
mation ,of a f l - lac tone d imer  (IIa). In any case, a special ly conducted exper iment  showed that this dimer  
reac ts  with t r iethyl  phosphite to form these same products - allene (VIII), t r ie thyl  phosphate and CO: (IIa) + 
l~ ~ (VIII) + PO(OEt) 3 + CO. 

The f l - lac tone s t ruc ture  d imer  ilia) and the s t ruc ture  of allene (VIII) follow f rom their  NMR and in- 
f ra red  ~pectra, which are  given in the experimental  section. Besides this, m a s s - s p e c t r a  were studied.* 
The ma~s - spec t rum of d imer  (IIa) (Fig. 1A) is, as it were,  a superposit ion of the spec t ra  of three sub- 
stances: allene (VIII) (Fig. 1B), the ketene (Ia) (Fig. 1C) and CO 2. It was not possible to detect the molec-  
ular  ion of d imer  (IIa). 

The chemical  react ions of d imer  iIIa) and allene (VIII) which a re  discussed below also confirm the 
p ropose t  s t ruc tures  of these compounds. The f i - lactone dimer  (IIa), in agreement  with expectations and 
like the unfluorinated analog [10], is smoothly decarboxylated in the vapor  phase on contact with a n ichrome 
spira l  heated to 800 ~ forming allene (VIII): (IIa)--~ {VIII) + CO 2 (see re fe rence  [15]). Dimer ilia) has a 
c lear ly  ,defined electrophil ic  charac ter .  I t  r eac t s  readi ly  with alcohols, thiols, amines or  ammonia at low 
tempera tures  in the absence of a catalyst,  giving numerous derivatives (IX) of te t rakis( t r i f luoromethyl)-  
acetoacet ic  acid (IXa). 

(CFa)2C=C--C (CFs)~ q- HX ~ (CFs)~CHCOC (CFa)~COX 

O--CO 
(IIa) (IX) 

a b c d e f g h 
X=OH, MeO, EtO~ PhO, EtS, PhS, N[-[~, PhNH 

The react ion with water  probably leads to formation of the acid i tself  (IXa), which, however, cannot be iso- 
lated because of its easy  decarboxylation to te t rakis( t r i f luoromethyDacetone (X). 

(IXa) -~ (CFs)2CHCOCH (CF8)2 -]- CO~ 
(X) 

The products of the given ring cleavage react ions  of lactone (Ha) do not differ f rom those obtained in r e -  
actions of fi - lactone d imers  of other ketenes [5]. Below we show two react ions of d imer  (IIa) which have 
no counterpar t  in the unfluorinated compound se r ies .  

Dimer (IIa) is not chlorinated on prolonged i rradiat ion with ultraviolet  light. In a sealed ampule con- 
taining a homogeneous solution of d imer  (IIa) and chlorine in CC14, chlorination still does not take place on 
prolonged heating; on cooling, the s tar t ing dimer  (IIa) is isolated from the solution quantitatively in the 
form of a color less  lower layer.  However, when methanol is added to the homogeneous solution mentioned 
above, d imer  (IIa) enters  into an interest ing react ion of conjugated addition, which leads to an es ter  of y -  
chlorote t rakis( t r i f luoromethyl)acetoacet ic  acid (XI). 

(CFa)~C~C--C(CF3)2 
!~ OH~oCOO > (CF3)2CCICO C(C Fa)=~COO M e 

(x~) 
Me 

Apparently,  because of its increased electrophil ici ty,  f i - lactone dimer (IIa) is incapable of react ing with 
chlorine, but on addition of methanol react ion is s tar ted by a nucleophilic attack of the methoxy group on 
the carbonyl  group of the lactone, with subsequent addition of a chlorine cation. Thus, here  there is a r a r e  
case where conjugate addition is initiated by an at tack of an anionoid part icle  (see re fe rence  [21] for s imi -  
lar react ions) .  

Another uncommon react ion of the f l - lactone dimer  (IIa) is its react ion with dimethylformamide,  
which leads to formation of bis(tr if luoromethyI)ketone,  hexafluoroisobutenyIdimethylamine (XII) and CO 2 
{we did not isolate the known [19] enamine, but it was at once hydrolyzed to hexafluoroisobutyraldehyde 
(xm)}. 

* Mass-~,;pectra were  taken by 1R. G~ KostyanovsMi, V. P. Nichiporenko, and R. S. Lachinov in an MKh-1303 
instrument,  V = 30 volts,  I = 0.75 amperes .  
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(Ha) + O--'CHNMe~. ~ (CFa)2C~C(CFa) ~ - -  :C--O--ICH~---NM%!I] ! 

O e :O ', 
(XtV) ~ . . . . . . . . .  

O o 
H20 H ~ 

( C F a ) 2 C - . - = F ~ - - C  H ('~2Me2 ( - 1 - - -~  a) (CF~)2C~---CHNM % ~ (CF 3)2CHCHO 
(xn) (Xhl) 

In this reac t ion ,  d imethy l fo rmamide ,  jus t  as in the reac t ions  we have previous ly  descr ibed  with b i s -  
( t r i f luoromethyl)ketene [19] or  with acid chlor ides  of eas i ly  decarboxyla ted  acids [22], probably  a t tacks  the 
e lec t rophi l ic  carbon a tom of the fl - l ac tone  d imer  (IIa) carbonyl  group with i ts  nucleophilic center ,  which 
is located on the oxygen a tom.  The bipolar  ion (XIV) which is fo rmed  thereby  loses CO 2 and decomposes  
into the ketene (Ia) and the enamine (XII). Under the reac t ion  conditions, pa r t  of the ketene (Ia) is r emoved  
along with the carbon dioxide evolved and does not have t ime  to r e a c t  with excess  d imethyI formamide .  
Thus,  d ime thy l fo rmamide  p rac t i ca l ly  causes  monomer iza t ion  of the /3 - lac tone  d imer  (fla). 

We have  a lso  studied in detai l  the p rope r t i e s  of te t raMs( t r i f luoromethyl )a l lene  which has  been p r e -  
pared  for  the f i r s t  t ime,  and which, in cont ras t  to the s imp le s t  per f luoroal lene  [23], turned out be a v e r y  
s table  compound. Thus,  it is not po lymer ized  on s torage;  it is not changed on passage  over  KF or  g lass  
wool up to 500 ~ At  a higher t e m p e r a t u r e  (up to 800 ~ over  KF or  in a quartz  capi l lary)  a l lene (VIII) a lso  
r ema ins  unchanged, but par t  of it is carbonized under these conditions. Allene (VIII) does not par t ic ipa te  
in a D i e l s - A l d e r  reac t ion  with butadiene at  100~ it is not chlorinated on i r radia t ion ,  does not add FNO, 
and does not r e a c t  with a tomic  hydrogen.* 

However ,  a l lene (VIII) r e ac t s  r ead i ly  with water ,  alcohols,  ammonia  or  amines ,  whereupon the a t tack  
of the nucleophilic pa r t  is d i rec ted  toward the cent ra l  atom; the addition products  (X), (XV), (XVI), and 
(XVIII) a r e  fo rmed  thereby,  r espec t ive ly .  

Y/eOH -------+ (CF3)~CHC (OMe) = C (CFa)= 
(xv) 

NH,> (CFs)2CHC (=NH) CH (CFa)~ ~ (CFa)~CI:IC (NH~) ~-- C (CFs)~ 
(xvI) (xvii) 

V I I I )  _ RNH, (CFa)~CHC ( = N R )  CH (CFa), ~ (CFs)2CHC (NHR) -~ C (CFa)2 
(XVII I )  a R = Me, b R ----- Ph  (XIX)  

H,o__+ (Cr~hCHCOCH (CF,h 
(X) 

((]Fa),CHCSCH (CFa)~ 
lees 
not (XX) 

occur) 

The e lec t rophi l ic i ty  of the de r iva t ives  (XV), (XVI), and (XVIII) so obtained is  insignificant,  thus, e ther  (XV) 
does not add a second methanol  molecule ,  and the methylamine  (XVIIIa) is incapable of adding a second 
molecule  of methy lamine .  I t  is  v e r y  poss ib le  that the compounds obtained by addition of ammonia  and 
amines  to al lene (VIII) a r e  equi l ibr ium mix tu res  of the imines  (XVI), (XVIII) and enamines  (XVII), (XIX). 
The spli t t ing of the imine absorpt ion band in the in f ra red  spec t rum of compound (XVI) and the p re sence  in 
this s a m e  compound of two NH- group absorp t ion  f requencies  speaks  in favor  of this assumpt ion .  A com-  
par i son  of the intensi ty  of s ignals  f r o m  the protons of the CH- and NH- groups of imine (XVI) and the CH- 
and C6H 5- groups of anil  (XIXb) in their  PMR spec t r a  a lso  s e r v e s  as evidence in favor  of t au tomer i sm .  
The p r e sence  of enamine (XVII) in the equi l ibr ium mix tu re  follows f rom the F 19 NMR spect rum:  two qua r -  
te ts  of the (CFa)zC= group. However ,  addit ional invest igat ion is  requi red  for final es tab l i shment  of tauto-  
m e r i s m .  

Being a ve ry  act ive e lectrophi le ,  aUene (Vm) neve r the l e s s  does not add ethyl mercap tan  or thio- 
phenol on extended heating.  I t  was  not poss ib le  e i ther  to obtain te t rakis ( t r i f luoromethyl ) th ioace tone  (XX) 
by addition of hydrogen sulfide to aUene (VIE). No reac t ion  was observed  on heating al lene (VIII) with ex-  
cess  liquid hydrogen sulfide in dioxane or without the solvent ,  nor  in the p re sence  of sodium hydrosulf ide.  
When sulfolane was used as solvent,  al lene (VIII) r eac ted  eas i ly  with a mix tu re  of H2S and NaSH, but thio- 
ketone (XX) was not fo rmed  thereby,  but r a t he r  a product  of hydrogenation of one double bond of the a l l e n e -  
olefin (XXI), and sulfur  was l iberated.  

* The reac t ion  with hydrogen was studied by V. V. Bukhtiyarov (now deceased) .  Monitor ing was ca r r i ed  
out by the nature  of the EPR signal.  
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/ 
(viii) + H2S + NaS H + / __.._~SO~) ~ (CFa)~CHCH~C (CFa)2 + S  

(XXI) 

I t  iS pc,ssible that the f i r s t  act  in this r eac t ion  is  c leavage of a hydride ion f r o m  NaSII by allene(VIII) ,  with 
subseqaent  addition of a proton f rom hydrogen sulfide.  Sulfolane faci l i ta tes  the react ion,  playing the usual 
ro le  of a solvent  which so lva tes  cat ions.  

An unexpected reac t ion  takes  place  when al lene (VIII) is brought together  with t r ie thy lamine .  The 
reac t ion  products  a r e  the olefin (XXI) and the dienamine (XXII). 

NEts (CF3)2C~C-----C (CF~)2 ---> (CFs)2CHCH=C (CFa)~ + CIt~=CHNEt~ 
(VIII) (XXI) 

HC(CF.a)2 
H--X,~  - C H  NEI2 (xxI[) 

(xxtH) 

In the f i r s t  stage of this unusual r eac t i on ,  the a l lene (VIII) dehydrogenates  t r ie thylamine .  Thereupon olefin 
(XXI) is  formed,  plus probably  diethylvinylamineo A poss ib le  route for  the convers ion  of the la t ter  to dien- 
amine  (XX]]) is eye lod imer iza t ion  with a second molecule  of al lene (VIII) to f o r m  the aminocyclobutane 
(XXIII)~ which is i s o m e r i z e d  with r ing c leavage into the final reac t ion  product,  (XXII). 

This  r e su l t  - hydrogenat ion of al lene (VIII) by t r i e thy lamine  - can be descr ibed  in t e r m s  of reac t ions  
taking place in complexes  with charge  t r a n s f e r  (see r e f e r e n c e  [24] about such react ion);  the fo rmat ion  of 
a comp:'ex of the e lec t rophi l ic  al lene (VIII) with the nucleophilic t r i e thy lamine  is r a t he r  probable .  

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

Boil ing points and mel t ing  points a r e  not co r rec ted .  Chromatographic  ana lys i s  (GLC)of  react ion  mix -  
tu re s  and pur i ty  checking of compounds was ca r r i ed  out in the following columns: A) this consisted of two 
par ts :  20% "Rheoplex" on " C h r o m o s o r b  B" and 20% polyethylene glycol 400 on " C h r o m o s o r b  P," t rea ted  
with hexamethyld is i lazane;  B) 20% fuel oil on f i r e  br ick;  C) type 1 thiokol of the synthet ic  rubber  fac tory  
on f i rebr ick ;  D) 1,4-butanediol  deva le ra te  on "Chromoso rb  P"; E) liquid poly t r i f luorochloroethylene  on 
"F luo rcp l a s t  3." The gas chromatograph ic  ana lys i s  was ca r r i ed  out at  t e m p e r a t u r e s  close to the boiling 
point. Analys i s  of the compounds (IIa), (VIII), (Ia), and (VI) was addit ionally ca r r i ed  out by ch roma tog raph-  
ing the e s t e r s  (LKb), (XV), and (CFa)2CHCOOMe (XXIV), respec t ive ly ,  fo rmed  on t r ea tmen t  of the indicated 
compot~ads or the i r  m ix tu re s  with methanol .  I n f r a r ed  spec t r a  we re  taken in a UR-10 spec t ropho tomete r .  
NMR s p e c t r a  we re  recorded  on a ,H i t ach i ,  H-6013 s p e c t r o m e t e r .  In a l l  cases  where  this is not s t ipulated 
sepa ra te ly ,  50% solutions of s am p l e s  in CC14 were  used; and ItMDS (0.05 6 f rom TMS) or  Freon  112 (69 r 
or  CFC:[ a) w e r e  used as in te rna l  s t andards .  Chemical  shifts  a r e  given on the 6 - s c a l e  re la t ive  to TMS or  
the r - s , z a t e  r e l a t ive  tO CFCI 3. 

fl..-Lactone D imer  of b i s (Tr i f luoromethyl )ke tene( I Ia ) .  1) A mix tu re  of 42 g of (Ia) and 7 g of (Et~N)zCO 
was allowed to stand 24 h at  20 ~ ( the init ial ly homogeneous solution sepa ra t ed  into l aye r s  a f te r  2 h). The 
lower layer  was sepa ra t ed  a f t e r  cooling and was f rac t ionated  in a column under  vacuum.  The re  was ob- 
tained 39.2 g (93%) of (Ha), bp 480 (149 mm);  92 ~ (745 ram); nDz~ 1.3091. Found %: C 26.9; F 64.6. CsFi202. 
Calculated ~o: C 27.0; F 64.0. IR s pec t rum  (Vmax, cm-1): 1730 (C=C) v .s ;  1890 m; 1935 s, 1970 m; 2010 w. 
F i9 NMR spect rum:  62.4 (CFaC= quar te t ,  J (F -F )  8.04 Hz); 64.1 (CFaC = mult iplet ,  J ( F - F )  8.04Hz); 68.3 
[(CF3)~C quar te t ,  J ( F - F )  6.42 Hz]. 

2) T h e  reac t ion  was c a r r i e d  out s i m i l a r l y  to the p reced ing  example ,  but 0.1 mole  of (EtzN)2CO was 
used pe r  mole  of ketene (Ia). The yield of (IIa) was 90-95 %. 

3) Equ imola r  amounts  of (Ia) and Et2NNO were  allowed to stand at 0 ~ for  one day, the lower l ayer  of 
d imer  (IIa) was carefu l ly  separa ted ,  taking care  that no drop of EtzNNO got into it, and it  was dist i l led 
under vacuum into a t rap;  and then it  was f rac t ionated  in a column. Yield of (Ha), about 65%. 

4) Equimolar  amounts  of (Ia) and PO(OEt) 3 w e r e  allowed to stand one day at  20% A mix ture  of 60% 
(Ia) and 40% (Ha) was obtained [gas ch romatography  of the cor responding  e s t e r s  (XXIV) and (IXb)]. 

5) Equimolar  amounts  of (Ia) and d imethylace tamide  were  allowed to stand for a day at 0 ~ A mix tu re  
(by g.c.) of 10% (Ia), 58% (VI), 20% (IIa) and 12% (VIII) was obtained. 
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6) Equimolar  amounts  of (Ia) and Me2NNO were  allowed to stand 4 h at  0 ~ The homogeneous mix ture  
was dist i l led.  T h e r e  was obtained 42% of (VI), bp 35 ~ identical  (by g.c.,  columns C and E) to a known s a m -  
ple [25]. 

Decomposi t ion  of D imer  (IIa). 1) D imer  (IIa) was heated with an equimolar  amount  of EtfNNO at  70 ~ 
Thereupon the acid f luoride (VI) dist i l led out, yield 50% ~ 

2) D imer  (IIa) (4 g) was heated with 1.3 g of MefNCOMe for  4 h at 60 ~ A mix ture  (2.1 g, 50%) of prod-  
ucts was dist i l led into a t r ap  a t  -78~ it had bp 34-35 ~ on subsequent  dis t i l la t ion and consisted (g.c.) of 7% 
allene (VIII) and 93% acid f luoride (V-I). A s im i l a r  ra t io  was obtained on chromatographing  the mix tu re  of 
e s t e r s  [(XV) and (XXIV)] obtained on t r ea tmen t  of the product  with methanol .  

Te t rak i s ( t r i f luoromethy l )a l l ene  (VIII). To 80.7 g of (Ia) was added at  0 ~ with s t i r r ing ,  32 g of P(OEt) 3 
which had been s tored  over  Na. Thi r ty  minutes  a f t e r  addition of the phosphi te ,  evolution of CO began (iden- 
tified by t e s t  with PdC12, burned, and did not contain CO2) , which continued for  about 3 h at  0 ~ and s t i l l  
another  hour a t  20 ~ On the next day the co lo r l e s s  lower layer  was sepa ra t ed  and dist i l led.  A yield of 
53.7 g (76%) of (VIII), bp 41 ~ (743 ram), was  obtained, nD~~ 1.275. Found %: C 26.8; F 73.1. CGFlz. Calcu-  
lated %: C 26.8; F 73.0. IR s pec t rum  (Vmax, cm-1): 1530-1660 (broad) w, 1760-1850 (broad) w; 2025 (C--C 
----C) s.  F is NMR spec t rum,  65.6 (CF 3 singlet).  The upper layer ,  bp 63-64 ~ (3 ram), consisted of 85% 
PO(OEt) 3 and a mix tu re  of unidentified products  (g.c., columns A and B). 

2) D imer  (Ha) (2.88 g) was pyrolyzed in a ketene lamp type of appara tus  on a n ichrome sp i r a l  heated 
to 800 ~ Carbon dioxide was evolved and swept 2.02 g (80%) of (VIII) into a t rap  at -78% 

3) To d imer  (IIa) (1.7 g) at  - 7 8  ~ was added 0.8 g of P(OEt) 3. On warming  to 0 ~ a v igorous  reac t ion  
took place and 110 ml  of CO was evolved (PdCl 2 test ,  burns,  pas ses  quanti tat ively through 50% KOH). Com- 
pound (VIII), (1.2 g, 65%) was dist i l led f rom the remain ing  mix tu re  into a t r ap  cooled to - 7 8  ~ The res idue  
contained 80% PO(OEt) 3 in a mix tu re  with unidentified m a t e r i a l s  (g.c. ana lys i s ) .  

React ions  of f i -Lac tone  Dimer  (IIa). With Methanol.  To 3.4 g of d i m e r  (IIa) at  - 7 8  ~ was added an 
excess  of methanol ,  and the mix tu re  was slowly wa rmed  to 20 ~ After  1 h, i t  was washed with water ,  dried 
and dist i l led.  The re  was obtained 3.5 g (94%) of (IXb), bp 76-78 ~ (34 mm),  nDf~ 1.3243. Found %: C 27.2; 
H 1.08; F 58~ CgF12H403. Calculated %: C 27.8; H 1.03; F 58.9. IR spec t rum (Vmax, cm-1): 1755 v .s ,  
1783 (C----O) v . s .  PMR spect rum:  3.92 (CH3); 4.98 (CH heptet ,  J 7.5 Hz). F i9 NMR spect rum:  66.3 (CF 3 
multiplet) .  

With Ethanol.  S imi la r ly  to the preceding  exper iment ,  f rom 1.2 g of (IIa) there  was obtained 1.1 g 
(81%) of (IXc), bp 160-161 ~ (737 mm) ,  nDf~ 1.3270. Found %: C 29.8; H 1.49. Ci0F12H603. Calculated %: C 
29.8; H 1.49. IR s pec t rum  (Vmax, cm -1) 1758 plateau; 1780 (C=O) v . s .  PIVIR spect rum:  1.38 (CH 3 tr iplet) ;  
4.45 (CH 2 quartet) ;  4.61 (CH heptet ,  J 6.85 Hz). 

With Phenol.  To 1.9 g of d imer  (Ha) in 3.5 ml  of absolute  e ther  was added 1 g of phenol and e ther  
was added until the mix tu re  was homogeneous.  Af ter  2 days the e ther  was dist i l led off, the res idue was 
washed with aqueous NaHCO3, dr ied and dist i l led.  The re  was obtained 1 g (42%) of (IXd), bp 97" (12 mm); 
nD2~ 1.3829. Found %: C 37.3; H 1.33; F 50.7. C14F12H603. Calculated %: C 37.4; H 1.33; F 50.8. IR spec -  
t r am (Umax, cm-l) :  1755 s, 1790 s (C=O). PMR spectrt tm: 4.90 (CHheptet, J 6.0 Hz); 6.85-7.50 (C6tt5). 

With Ethyl  Mercaptan .  At 20 ~ 1.5 g of (IIa) was mixed with an equal volume of EtSH, e ther  was added 
until the mix tu re  was ent i re ly  homogeneous,and the mix tu re  was allowed to stand overnight.  Af ter  s t r ipping 
excess  m e r c a p t a n  and e ther ,  1.2 g (68%) of (IXe) was obtained, bp 113-115 ~ (86 mm);  nD 2~ 1.3662. Found %: 
C 28.7; H 1.65; F 54.4. C10F12H602 S. Calculated %: C 28.7; H 1.44; F 54.4. IR spec t rum (Vmax, cm-1): 1670 
s,  1700 m,  1750 s (C=O). PMR spec t rum:  1.31 (CH 3 tr iplet) ;  3.05 (CH 2 quartet);  4.79 (CH heptet ,  J 6.55 Hz). 

With Thiophenol.  Thiophenol (1.6 g) and 3.44 g of (IIa) we re  mixed,  and a f t e r  2 h the mix ture  was 
distilled. There was obtained 3.31 g (74%) of (IXf), bp IIi ~ (7 mm); nD29 1.4224. Found %: C 36.0; H 1.37; 
F 49ol. CI3FIfH6OfS. Calculated %: C 36.0; If 1.29; F 49.0. IR spectrum (Vmax, cm-l): 1695 v.s, 1710 
plateau; 1760 v.s (C----O). PMR spectrum: 4.86 (CH heptet, J 6.8 Hz); 7.35 (C6H5). 

With Ammonia. To 0.i ml of liquid anhydrous ammonia at -78 ~ was added 5 ml of absolute ether and 
1 g of (Ila). After an hour the mixture was warmed to 20 ~ and the solvent was evaporated. There was ob- 
tained 0..98 g (91%) of (IXg), mp 161-162 ~ (after two recrystallizations from EtOH-heptane and toluene). 
Found %: C 25.7; H 0.77; N 3.94. CsFIfH3NO 2. Calculated %: C 25.7; If 0.80; N 3.75. IR spectrum (~max, 
cm-l) :  1500 m,  1770 s.  PMR spec t rum:  5.31 (CH heptet ,  J 6.85 Hz), in acetone.  
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YVith Aniline. A mix tu re  of 4.25 g of (IIa) in 15 ml  of e ther  and 1.1 g of anil ine was allowed to stand 
overnight  at 0 ~ Af te r  evaporat ion,  a yel low oil was obtained which was a mix tu re  of three  subs tances  (thin- 
l ayer  ch roma tog raphy  on s i l ica  gel containing 10% H20, development  with a m ix tu r e  of acetone and hexane,  
1: 2). Zompound (IXh) was purif ied ch romatograph ica l ly  (s i l ica  gel containing 10~o H20; eluent, benzene); 
the fra,~tion was moni tored  by the f luorescence  of a drop of eluate on f i l te r  pape r  under u l t ravio le t  light). 
T h e r e  ~ a s  obtained 3.3 g (62%) of (IXh), mp  36-37 ~ ( f rom hexane).  Found %: C 37.2; H 1.53; F 51.4; N3.25.  
C14F~2I~:TNO2. Calculated %: C 37.5; H 1.56; F 50.1; N 3.12. IR spec t rum (Umax, cm-1): 1500 s, 1600 m, 
1730 v .s ,  1750 v . s .  PMR spect rum:  4.93 (CH heptet ,  J 7.29 Hz); 7.08-7.58 (C6H5). 

With Water .  To 3.1 g of d imer  (IIa) was added an equal volume of wa te r  and the mix tu re  was allowed 
to stand two days until CO 2 evolution ceased.  The c ry s t a l s  were  p r e s s e d  out on f i l t e r  pape r  (they could 
not be f i l te red  because  of the v e r y  apprec iab le  vola t i l i ty  of the product),  1 ml  of conc. HzSO 4 was added, and 
the mix tu re  was dis t i l led.  The re  was obtained 2.6 g (93%) of (X), with a s t rong  speci f ic  a roma ,  bp 102 ~ mp  
71.5-72 ~ (in sealed capi l lary) .  Found ~: C 25.5; H 0.62; F 68.7. CTF12H20. Calculated %: C 25.5; H 0.62; 
F 69.1. IR spec t rum  (Vma x, cm-1): 1740 m,  1764 v .s  (C=O). PNIR spec t rum:  4.81 (Ctt heptet,  J 6.1 Hz) in 
tetrahy,~rofuran.  F 19 NMR spec t rum:  66.7 (CF 3 doublet, J 6.43 Hz). 

With Dimethy l fo rmamide .  To 7.83 g of (IIa) was added 5 m l  of d imethy l fo rmamide .  A reac t ion  slowly 
took p]~:.ce on the su r face  of the layer  in ter face ,  with gas  evolution. On heating to 45 ~ the mix tu re  became  
homogeneous a f t e r  an hour;  220 ml  of a mix tu re  of CO 2 and CO was evolved thereupon. In an at tached t rap,  
cooled Ix) - 7 8  ~ 3 g of a liquid was condensed, which boiled over  the range  5-45 ~ and consisted of 72% 
ketene (Ia) (28% yield) and 28% allene (VIII) (12~0 yield (composit ion f r o m  g.c.  analys is) .  The res idue  was 
t rea ted  at  0 ~ with 10 ml  of conc. I IC1 and 4 g (51~o) of (XIII) was dist i l led off, bp 49 ~ identical  with a known 
s a m p l e  [19] by g.c.  on column B and by PMR spec t roscopy .  

Methyl  ~ -Ch lo ro te t r a lds ( t r i f luo romethy l )ace toace ta t e .  A mix tu re  of 10 g of (IIa) in 30 m l  of CC14 and 
2 m l  o~ liquid chlorine was i r r ad ia t ed  with u l t rav io le t  light for  5 h. The contents of the ampule  was divided 
into twc equal  pa r t s .  To one half  was added an excess  of methanol ,  and a f t e r  1 h the mix tu re  was dis t i l led.  
T h e r e  was obtained 4.53 g (76%) of (XI), bp 53 ~ (7 ram); nD2~ 1.3621. Found %: C 25.2; H 0.60; C1 8.40. 
CoF/2C~H303. Calculated %: C 25.6; H 0.71; C1 8.54. IR spec t rum (Umax, cm-1): 1748 s, 1770 m, 1790 s 
(C=O). PMR spec t rum:  4.00 (CH3). F i~ NMR spec t rum:  65.4 and 71.05 (CF 3 mul t ip le ts) .  The second half 
was cooled to -10% the co lor less  lower layer  was separa ted  and dis t i l led.  The re  was obtained 4.9 g of 
(IIa), b~ 92~ a f t e r  t r e a t m e n t  with methanol  it gave e s t e r  (IXb). 

React ions  of Te t rak i s ( t r i i iuo romethy l )a l l ene  (VIII). Compound (VIII) (2.1 g) was passed  twice, in a 
s t r e a m  of d ry  argon,  through a g lass  tube heated to 500 ~ for  a 50 cm length, which was filled with a) g lass  
wool; b) ignited KF. In a t rap  cooled to - 7 8  ~ was condensed 2.1 g of s t a r t ing  compound (VIII) (by g.c.  
analysing), which was conver ted into (XV) by t r ea tmen t  with methanol .  

Compound (VIII) (3.2 g) was passed,  in a s t r e a m  of dry  argon: a) through a quartz  capi l lary;  b) through 
a quartz  tube filled with ignited KF, heated to 800 ~ along a 50 cm length. Star t ing compound (VIII) (1.92 g, 
60%) was condensed in a t rap  - 7 8  ~ 

With Methanol. Compound (VIII) (1.14 g) was mixed,  with cooling, with an equal volume of methanol ,  
and the m i x t u r e  was carefu l ly  heated to 30~ 1 h a f t e r  complete  homogenei ty  had been attained the mix tu re  
was wa~c~hed with water ,  dr ied and dist i l led.  Compound (XV) (1.06 g, 85%) was obtained, bp 103-105 ~ (738 
ram); ni)2~ 1.3100. Found %: C 27.8; H 0.69; F 67.1. CaFI2H40. Calculated ~: C 27.9; H 1.16; F 66.4. IR 
spect r tun  (~rnax, cm-�94 1648 (C=C), s.  PMR spec t rum,  4.21 (CH3); 4.42 (CH heptet ,  J 7.42 Hz). F 19 NMR 
spectr tun:  57.7 and 60.9 (CFaC= group quar te t s ,  J (F -F )  9.66 ttz), 65.8 [(CF3)2CH doublet,  J (H-F)  8.10 Hz, 
with weak spli t t ing of components] .  

With Ammonia .  A mix tu re  of 0.4 g of anhydrous liquid ammonia  in 25 ml  of absolute  e ther  and 7.35 g 
of (VII I )was  allowed to stand 3 h a t  -780 and 12 h a t  0 ~ After  s t r ipping  off the e ther  in a column there  was 
obtained 3.2 g (42%) of (XVI), bp 67 ~ (117 ram); nD2~ 1.3233. Found %: C 25.6; H 1.04; F 69.3; N 4.36. CTFt2. 
H3N. Calculated %: C 25.6; tt 0.92; F 69.3; N 4.26. IR spec t rum (Umax, cm-t) :  1625 (C=N) s, 1665 (C=C) 

i 

s, 3060 (CH) s, 3470 and 3560 (NIt) v . s .  PMR spec t rum:  4.54 (CH heptet ,  J 7.3 Hz; 1.5 H); 5.20 (broad NH; 
1.5 I-t). F 19 NMR spec t rum:  52.75 and 59.0 (broadened quar te t  and quar te t  of CFaC= groups,  J (F -F )  9.69 
Hz), 66.7 [doublet J (H-F)  8.04 ttz of quar te t s  J ( F - F )  1.6 Hz of (CFa)2CH group].  

W:[th Methylamine.  A mix tu re  of 11.72 g of (VIII) in 15 m l  of Freon  113 and 1.67 g of methy lamine  
in 10 m] of absolute  e ther  was allowed to stand 3 h at  - 7 8  ~ and 12 h at 0% After  the solvents  had been 
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s t r ipped off, 6.78 g (53%) of (XVIIa) was obtained, bp 38 ~ (15 mm),  60 ~ (56 mm);  nD 2~ 1.3183. IR spec t rum 
(Vmax, cm-1): 1673 m,  2920 m,  2985 s, 3005 s, 3320 w, 3480 w. PMR spec t rum:  3.53 (CH3; 3H); 4.35 (CH hep- 
tet,  J 7.7 Hz; 2H). 

With Aniline.  To 3 g of (VIII) in 10 ml  of Freon 113 was added 0.9 g of aniline in 10 m l  of absolute 
e ther ;  the mix tu re  allowed to stand 1 h at  - 7 8  ~ and 1 day at  20 ~ The solvents  we re  s t r ipped and the r e s i -  
due was dist i l led.  Compound (XVIIIb) (3 g, 77%) was obtained, bp 68 ~ (6 mm) ,  mp  30~ nD 2~ 1.3922. Found 
%: C 38.5; H 1.83; F 55.7; N 3.46. C13F12H~N. Calculated %: C 38.5; H 1.73; F 56.2; N 3.46. IR spec t rum 
(Vmax, cm-1): 1480 w, 1587 w, 1638 m.  PMR spect rum:  4.38 (CH heptet,  J 7,3 Hz; 1.85 H); 6.45-7.50 (C6H5; 
5 H). 

With Tr ie thy lamine .  Tr i e thy lamine  (6.12 g) and 18.9 g of (VIII) we re  heated for  6 h a t  65 ~ in a sealed 
ampule .  Af ter  a day, everything was dist i l led which came over  at 100 ~ and the dis t i l la te  was washed with 
conc. HC1, NaHCO 3 and water ;  it was then dried and dist i l led.  Compound (XXD (6.23 g, 33%) was obtained, 
bp 68-70 ~ riD2~ < 1.30. Found %: C 26.9; H 0.62; F 72.7. CTFI2H ~. Calculated %: C 26.7; H 0.64; F 72.7. 
IR spec t rum (Vmax, cm-1): 1705 (C=C) s, 3030 and 3050 (CH) m.  PMR spec t rum.  4.26 (doublet --CH heptet ,  
J(HF) 6.8 Hz; J(HH) 11.1 Hz); 6.62 (doublet =CH, J 11.1 I Iz).  F 19 NM_R spec t rum:  63.0 and 70.2 (broadened 
quar te t  and quar te t  of CF3C= groups ,  J F - F )  7.22 Hz), 70.8 [ doublet J (H-F)  8.04 of quar te ts  J (F -F )  1.6 Hz 
f rom (CF3)~CH group]. The res idue  was dist i l led under vacuum.  There  was obtained 7.81 g (32%) of com-  
pound (XXII), bp 67-69 ~ (0.05 mm) .  Found %: C 38.3; H 3.40; F 53.6; N 3.60. Cl~F12tI13N. Calculated %: 
C 38.0; H 3.16; F 55.5; N 3.40. IR s pec t rum (Vmax, cm-1): 1533 s and1618 s (C=C}. PMR spect rum:  1.40 and 
3.52 ( t r iplet  and quar te t  of C2H 5 group, J 7.3 Hz); 5.15 and 7.05 CAB quar te t  of CH--CH, J 12.2 Hz), 4.40 (CH 
heptet ,  J 7.9 Hz). 

With Hydrogen Sulfide. A mix tu re  of 4.5 g of (VIII}, 0.83 g of NaSH, 2 ml  of liquid anhydrous hydro-  
gen sulfide and 10 ml  of sulfolane was careful ly  wa rmed  to 0 ~ and when homogenei ty  had been attained, the 
mix tu re  was rapidly  cooled again to - 7 8  ~ and allowed to stand for 3 h. Af ter  th ree  days a t  0 ~ the excess  
I I2S was r emoved  and al l  the m a t e r i a l  which dist i l led at 100 (10 ram) was dist i l led into a t rap  at - 7 8  ~ There  
was obtained 3.08 g (68%) of compound (XXD, which was identical  by PMR spec t rum and g.c. on column D 
with that obtained in the preceding  exper iment .  

A homogeneous solution of 2 g of (VIII) in 2 ml  of liquid anhydrous H2S was heated for  20 h at  100 ~ 
On dist i l lat ion,  1.7 g of s t a r t ing  (VIII) was  obtained (g.c. on column D). The compound (VIII) was converted 
into (XV) by t r ea tmen t  with methanol .  

S imi la r ly ,  the absence  of a reac t ion  between (VIII) and H2S in the p re sence  of one m o l a r  equivalent 
of NaSH in dioxane or without the dioxane was ascer ta ined ,  plus the absence  of react ion  between (VIII) and 
sulfolane a t  100 ~ 

With Water .  A mix ture  of 3.67 g of (VIII), 4 vo lumes  of dioxane and 0.4 m l  of wa te r  was shaken in a 
sealed ampule  for  30 min,  until it became homogeneous.  After  3 h it was  diluted with water ,  the lower 
layer  was sepa ra ted  and it was dist i l led f rom an equal volume of concentrated sulfur ic  acid. Af ter  repeated  
dist i l lat ion,  3.4 g (82%) of (X) was obtained, ident ical  by g.c. on column B to that obtained f rom d imer  (IIa) 
and wate r .  

With Butadiene or Ethyl lViercaptan or  Thiophenol.  Compound (VIII) (4 g) was heated for 40 h at  100 ~ 
with an eqnimolecu la r  amount  of butadiene, ethyl m e r c a p t a n  or thiophenol. The absence  of react ion  was 
es tabl i shed f rom the isolat ion of 3.8-4 g of s t a r t ing  compound (VIII). 

React ion  of Methyl imin e (XVIIIa) with Methylamine.  A mix tu re  of 3 g of (XVIIIa) and 0.27 g of me thy l -  
amine  in 5 ml  of absolute e ther  was allowed to stand for 2 days at  20 ~ After  s t r ipping off the solvent,  2.8 g 
of s t a r t ing  (XVIIIa) was obtained (g.c. on columns A and B, bp 52-53 ~ at  47 ram).  

C O N C L U S I O N S  

1. Dimer iza t ion  of b is ( t r i f luoromethyl )ketene  under the act ion of weak bases  leads to a fl-lactone 
d imer .  

2. A new react ion  of b is ( t r i f luoromethyl )ketene  with t r ie thyl  phosphite which leads to t e t r ak i s ( t r i -  
f luoromethyl)a l lene  has been studied. 

3. An unusual case  of faci le  hydrogenation of te t rak is ( t r i f luoromethyl )a l lene  by t r ie thylamine  has 
been d iscovered .  
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