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Fluorides of group V and VI elements 
as new catalysts for the reaction of CO 2 with oxiranes 
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Organoelement fluorides of group V and VI elements were found to be efficient catalysts 
for the synthesis of cyclic carbonates from oxiranes and CO 2. 
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The problem of  activation and chemical  binding of  
carbon dioxide is o f  iqcreasing interest because of  the 
unfavorable cl imatic changes resulting from global warm- 
ing. 1,2 The current  ways of  utilizing CO 2 can be divided 
into two large groups, viz., reduction to hydrocarbons 
(fuel regeneration) and use in organic synthesis as an 
available C l synthon. The  former  group is not promising 
because fuel is burnt to give CO 2 again. As for the 
latter, 3,4 it appears quite useful to bind CO 2 in poly- 
mers, which take carbon dioxide out of  the cycle for a 
long period o f  time. 

Actually, a sole reaction performed industrially is the 
addition of  C O  2 to oxiranes to give alkylene carbonates 
and their subsequent polymerizat ion (Eq. (1)). 

catalysts for performing this reaction, we studied fluo- 
rides ofgroup V and VI elements,  viz., Ph3SbF2, Ph3BiF2, 
SbF3, PhTeF  3, and PhTeF  5 in the synthesis of  propy- 
lene carbonate (R = Me) from CO 2 and propylene 
oxide (Table I). 

R e s u l t s  and  D i s c u s s i o n  

An analysis o f  the literature data showed that  an 
efficient catalyst should have the properties o f  both a 

Table 1. Yield of propylene carbonate depending on the 
catalyst and the reaction conditions 

O Run Cats- T/~ t/h Additive Yield 
lyst (%) 

0 CO~ _ 0 0 

R 

/ Ph3SbF 2 180 2 HMPA a 25 
2 Ph3SbF 2 180 5.5 HMPA 100 
3 Ph3SbF 2 180 2 -- 0 
4 Ph3SbF 2 180 2 Pyridine 72 

This reaction is known to occur as a catalytit: pro- 5 Ph3SbF 2 180 2 MeCN 0 
cess. Many types of  catalysts, e.g., porphyrin and phtha- 6 PhjSbF 2 140 5.5 HMPA 8 
Iocyan ine  c o m p l e x e s  o f  meta ls ,  5-9 c o m p l e x e s  of  7 Ph3BiF 2 180 2 -- 0 
organotin iodides with phosphines; l~ complexes  of  8 Ph3BiF 2 180 2 HMPA 12.5 

9 SbF 3 180 2 H M PA 7 
copper(t) with isocyanides; 12 ammonium,  phosphonium, I0 PhTeF3 b 140 5 HMPA 90 
and sulfonium salts; 13 and alkali and alkaline-earth metal I1 PhTeF 3 140 5 Pyridine 100 
halides 14 have been studied. These systems differ strongly 12 PhTeF5 180 2 HMPA 100 
in catalytic activity: some porphyrin complexes in corn- 13 PhTeF 5 140 5 HMPA 73 
bination with N-methyl imidazole  allow one to obtain 14 PhTeF 5 180 2 --  0.3 
carbonates in satisfactory yield a t  room temperature  and 15 SbF 5 20 HMPA Polymer 
atmospheric pressure, while salt catalysts require long 16 CsF 180 2 HMPA 4 

17 -- 180 2 [/MPA 3 
(tens of hours) heating at 150--200 ~ and 50--100 arm. 18 - 180 2 Pyridine 0 
The drawback to the meta l locomplex catalysts is that it 19 b 180 2 HMPA 4 
is difficult to prepare them and, ila the case of  copper 
and tin complexes,  they are not quite chemical ly stable. 
With the aim of  searching for new efficient and available 

a Hcxamethylphosphortriamide (hexametapol). 
b Epichtorohydrin was used as a substrate. 
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weak acid (for electrophil ic  activation of  the oxirane 
ring) and a weak base (for nucleophil ic activation of  
CO2) (Scheme 1). It is necessary that the acid and the 
base be weak, since a strong acid will initiate fast 
polymerizat ion o f  oxirane, and a strong base will irre- 
versibly bind CO 2 into a carbonate.  

Scheme 1 
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Usually, a ca ta lys t ' s  cat ion serves as a Lewis acid, 
while both a cata lyst ' s  anion and alkoxides resulting 
from the oxirane ring opening can serve as a base B-  
(for example ,  o~-chloroalkoxides C I - - C H 2 C H 2 - - O - -  
C H 2 C H 2 - - O - - A I X  2 are obtained from ethylene oxide 
and complex a luminum chlorides ~i). 

It was found that the fluorides themselves ( w h i c h  
probably only slightly dissociate under the reaction con-  
ditions) do not manifest  catalytic activity (runs 3, 7, and 
14), but on addit ion of  solvents that facilitate ionic 
dissociation (pyridine or  H M P A )  they acquire high ac- 
tivity in certain cases. We found that the fluoride ion in 
the presence o f  weakly electrophil ic  cations almost does 
not exhibit catalytic activity (runs 9 a n d  t6). In contrast ,  
SbFs, a very strong Lewis acid, initiates the polymeriza-  
tion of  oxirane even in combina t ion  with H M P A  (run 
15). This reaction is compet i t ive  and, in the case of  
highly electrophil ic cations,  reduces the product yield. 
The bases themselves ( H M P A  and pyridine) in the 
absence of  an acid c o m p o n e n t  catalyze the reaction only 
slightly if at all (runs 17--19). 

We assume that 13-fluoroalkoxide resulting from elec-  
trophilic opening of  the oxirane ring (Eq. (2)) can serve 
ms a base. 

o 
/ ~  + MF - - -  F~-C--C--O--M ~ F--C--C_~-O- + M + (2) 

To check this assumption,  we carried out the reac- 
tion o1" propylelle oxide with Ph3SbF 2 in the absence of  
CO~ and, iq fact, the formation of  fluoroalkoxide anions 
was detected by r)F N M R  spectroscopy (Eq. (3)). 

o 
\ + Ph3SbF 2 - -~  

Me" 

- - "  FCH2CH(Me)OSbFPh3 + MeCHFCH2OSbFPh 3 (3) 

The IgF N M R  spectrum o f  the reaction mixture  
contains two groups of  signals (CDCI3,  C F 3 C O O H ) ,  8, 
3,.. -150 .8  (td, F C H 2 C H - -  , 2JFH = 50.5 Hz,  3J'F, H = 
17 Hz) and - 1 1 1 . 2  (m, F C H ( M e ) C H 2 - - ,  3JF, H 
24 Hz) (cf. Ref. 15). 

In addition, the f luorocarbonate anion resulting from 
the reaction o f  fluoride with C O  2 (Eq. (4)) can also 
serve as a base. We did not observe an absorption band 
of  F C O O -  in the IR spectrum o f  a mixture CsF,  H M P A ,  
and CO 2, which however does not exclude its possible 
formation under  the reaction condi t ions,  viz., at high 
temperature (140--180 ~ and a CO 2 pressure 70--  
100 atm. 

CO z + F- ~ FCOO- (4) 

We believe that the Lewis acidi ty is the most impor-  
tant factor in the series o f  catalysts studied by us. This 
should be insufficient to induce  po lymer iza t ion  of  
oxiranes but as high as possible for efficient opening of  
the epoxy ring. 

Comparison of  the activity o f  the catalysts studied by 
us with the patented ones a,9,14 shows that some fluo- 
rides exceed the known catalysts (except for porphyrin 
ones) in parameters,  and are much  more easily available. 

Experimental  

Organoelement fluorides were synthesized according to the 
known procedures, tG-Is CsF and SbF 3 were ignited in the 
vacuum of an oil pump at 200 and 100 "C, respectively. 
Pyridinr and hexametapol were distilled over alkali. SbF s was 
not purified. Both commercial-grade carbon dioxide (without 
additional purification) and that dried by passing through three 
successively connected washers filled with cone. H2SO 4 were 
used in runs 1, 2, and 11 (see Table I), the yields in both cases 
differing by no more than 2%. In all the other cases, commer- 
cial-grade CO 2 was used without additional purification. Pro- 
pylene oxide (Merck) was preliminarily distilled over solid 
KOH. Epichlorohydrin (Fluka) was used without additional 
purification. Products were analyzed by column chromatogra- 
phy on a Chrom-5 instrument using the SE-30 phase. IH and 
I9F NMR spectra were recorded on a Bruker CXP-200 spec- 
trometer (200 and 188 MHz, respectively). 

Propylene oxide (2.05 g, 2.5 mL, 36 retool), a catalyst 
(250--300 rag), and a polar aprotic solvent (0.4 mL) were 
placed into a steel autoclave (50 mL). The autoclave was 
hermetically sealed, filled with carbon dioxide under a pressure 
of 50 arm, and placed into a thermostat. After a definite period 
of time, the autoclave was cooled, and the excess of CO 2 was 
removed. Ttle reaction mixture was dissolved in 10 mL of dry 
CH2CI2, the total volume was brought up to 15 mL, and the 
mixture was analyzed by GLC using a calibration curve. 
Propylene carbonate obtained (b.p. 237--238 ~ (cf Ref. 7: 
b p. 240 ~ was used for calibration. IH NMR (CDCI]), 8: 
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1.45 (d, 3 H, Me, ] j  = 6.2 Hz); 4.00 and 4.51 (dd and t, t H 
and I H, CHz, AB part of the ABX system, 2JAB = 8 Hz, 
]JAx. = 7 Hz, and 3./nx = 8 Hz); 4.84 (m, I H, CH). 
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The use of hexafluoropropene oxide in substitutive fluorination 
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Reactions of hexafluoropropene oxide with Sb v and Bi v oxygen-containing compounds 
were studied. The E=O (E--O) groups were found to be transformed into the EF 2 (E--F) 
(E = Sb or Bi) groups. 
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Earlier, we have studied the reaction of  hexafluoro- 
propene oxide ( H F P O )  with phosphoryl compounds,  t,z 
It was shown that the P = O  groups were thereby trans- 
formed into the PF 2 groups. Taking into account  that 
this reaction occurs  relatively smoothly  with compounds  
containing a very stable phosphoryl P = O  group, one 
could assume that such transformations are also possible 
in the case of  compounds  of  o ther  Group V elements 
containing the E = O  group. 

With the goal o f  testing this kssumption, we intro- 
duced some oxygen-conta in ing compounds  of  ant imony 
and bismuth into reaction with HFPO.  It turned out 
that H F P O  reacts with Ph3Sb=O even at room tempera-  
ture to give Ph3SbF 2. 

PhaSb=O ~ Ph3$bF 2 

Ph3SbF 2 was identified by 19F N M R  spectroscopy. 
T h e  c h e m i c a l  shif t  o f  the  Ph3SbF 2 f o r m e d  
(SF(CF3COOH) - 7 5 . l )  corresponded to 8F(CFCI  3) 
--153.2 described in the literature. ~ The product  4 o f  a 
reaction that we reproduced possessed a similar chemi -  
cal shift (~i F -75 ) .  

Ph3Sb + XeF 2 --~- Ph3SbF 2. 

The yield o f  Ph3SbF 2 was determined by integrating 
the signals for Ph3SbF 2 and m-fluorotoluene,  which was 
added to the reaction mixture after the react ion was 

Translated from lzvcsti)'a Akademii Nauk. Seriya Khimicheskaya, No. 8, pp. 1652--1653. August, 1998. 

1066-5285/98/4708-1609 $20.00 (f) 199g Plenum Publishing Corporation 


