
$. lnorg. Nucl. Chem., 1958, Vol. 6, pp. 119 to 129. Pergamon Press Ltd., London 

H Y D R I D E - T R A N S F E R  REACTIONS OF BORINE--I  

S Y N T H E S I S  O F  B O R O N - C A R B O N  B O N D S  F R O M  T H E  
F L U O R O E T H Y L E N E S  

BoI)o BARTOCHA,* W. A. G. GRAHAM~ and F. G. A. STONE 
Mallinckrodt Chemical Laboratory, Harvard University, Cambridge, Massachusetts 

(Received 24 June 1957) 

Abstract--The effect of diborane on four fluoroethylenes: tetrafluoroethylene, trifluoroethylene, 
1 :l-difluoroethylene and vinyl fuoride, has been studied at ordinary temperatures, and at higher 
temperatures. The reactions follow an essentially similar course, and in all cases complex mixtures 
are obtained. Fluorine in the ethylenes is first replaced by hydrogen, and boron in the products 
appears mainly as boron trifluoride, ethylboron difluoride, diethylboron fluoride and triethylboron. 
In the dihorane-tetrafluoroethylene reaction polymerization of the olefin takes place with incor- 
poration of some boron in the polymer. Moreover, distribution of boron in the volatile products 
is in the order BF8 > EtBF2 >~ EtBFj > Et2BF. This order changes as the fluorine content of the 
olefin decreases. Thus with vinyl fluoride it is, EtBFi > EtIBF >~ BFa ~ EtsB. 

The ethylboron fluorides are the main product of the reaction between tetrafluoroethylene, 
diborane and triethylboron. 

Under conditions similar to those in which fluoroethylenes underwent complete leaction, diborane 
failed to react with saturated fluorocarbons such as ethyl fluoride. 

A possible mechanism for the reactions between diborane and the fluoroethylenes is discussed. 

DIBORANE reacts with a variety o f  e lec t ron-donor  molecules able to p romo te  dis- 
sociation of  the hydride into borine + fragments .  However ,  c o m p o u n d s  containing 
unsubst i tu ted borine groups  are not  always found  as ul t imate products  o f  bo ron  
hydride reactions. °'2) This is because co-ordinat ion o f  BHs  with dono r  molecules 
can somet imes be fol lowed by el iminat ion o f  molecular  hydrogen,  or  by  a hydride- 
t ransfer  reaction. In  either event,  a BH2-derivative is produced.  Such derivatives 
polymerize,  and,  moreover ,  often also disproport ionate ,  giving other  products .  

In  the major i ty  of  cases so far  investigated the hydride-transfer  m o d e  o f  decom-  
posi t ion proceeds so rapidly that  isolation o f  the borine adduct  is impossible.  
Nevertheless,  its t ransi tory existence m a y  be inferred f rom the nature  o f  the ~final 
react ion products ,  and  by  the known  behaviour  o f  BHs  in other  situations. 

I t  is expected tha t  this paper  will b e  the first in a series concerned with the effect 
o f  borine,  or  its derivatives, on dono r  molecules where co-ordinat ion  is followed 
by rea r rangement  and  dispropor t ionat ion.  

Olefins represent  one class o f  dono r  molecule where t rea tment  with borine leads 
to hydride transfer.  Thus,  d iborane  and ethylene yield t r iethylboron.  I t  has been 

* Milton Research Fellow, Harvard University. 
1" Present address: Arthur D. Little, Inc., Cambridge, Massachusetts. 
+ It has been recommended by a nomenclature committee of the American Chemical Society that the 

BHs group be termed the borane group. See Chem. Engng. News 34, 560 (1956). However, the Referees 
objected to the use of this new nomenclature in this paper, because the matter is still being debated. 
~x) A.  B. Bung  Rec. chem. Progr. 15, 159 (1954). 
t2j F. (3. A. STONE Quart. Rev. 9, 174 (1955). 
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suggested (3) tha t  this  reac t ion  proceeds  t h rough  associa t ion  o f  bor ine  wi th  one o f  
+ 

the ca rbon  a toms  o f  ethylene,  viz. C H ¢ C H 2 - B H  3. However ,  in compar i son  wi th  
o ther  G r o u p  HI  aeceptor  molecules  bor ine  has an  unusual  co -o rd ina t ion  chemistry.  ¢4~ 
In  view o f  this  i t  is pe rhaps  more  l ikely t h a t  a d d i t i o n  o f  bor ine  to  ethylene o r  o ther  
olefins occurs  t h rough  a k ind  o f  zr-complex in te rmedia te  in which  a molecu la r  b o n d  
orb i ta l  covers  bo th  ca rbon  a toms  and  the b o r o n  a t o m  at the s a m e  time. c5~ In  the  
case o f  ethylene,  hydr ide  t ransfer  f rom b o r o n  to  ca rbon  would  give e thylbor ine ,  
E tBH 2. D i s p r o p o r t i o n a t i o n  wou ld  occur,  p roduc ing  first Et~BH and  then  the final 
p roduc t  t r ie thy lboron .  A n  al ternat ive route  for  forming  t r i e thy lboron  would  be 
by  reac t ion  between the e thylbor ines  and  ethylene,  aga in  wi th  hydr ide  transfer.  

D i b o r a n e  is now easily p repared ,  and  clearly as a m e t h o d  for  p repar ing  o rgano-  
b o r o n  compounds ,  reac t ion  between this  hydr ide  and  the carbon--carbon  zr-bond is 
capable  o f  wide var ia t ion  because the hydrogen  a toms  o f  e thylene m a y  be subst i tuted 
by  o ther  a toms  o r  groups.  T rea tmen t  o f  d iborane  with these subst i tu ted ethylenes 
should  af ford  h i ther to  u n k n o w n  o r g a n o b o r o n  compounds ,  o r  c o m p o u n d s  a l ready  
k n o w n  bu t  Obtained by  o ther  and  somet imes  more  difficult methods .  

This  p a p e r  descr ibes  the  effect on  the  bor ine -e thy lene  reac t ion  o f  subst i tut ing 
ethylenic  hydrogen  b y  fluorine a toms.  

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

Puri f icat ion and  handling of mater ia ls  

The tetrafluoroethylene supplied was reported as having no impuritie s, other than polymerization 
inhibitor, at concentrations greater than 10 p.p.m: After the inhibitor had been removed by chemical 
means, an analysis gave M = 100.2. (Calc. for C2F,: M, 100.0; v.p. (vapour-pressure) 62"24 mm at 
--111.9°C (in reference 6, 62.27 mm)~ Purity of other fluorocarbons used in this work was similarly 
checked after distillation in vacuo: CF~:CH~ (Found: M, 63.8. Calc. for C2H~F~: M, 64-02) v.p. 
21.75 mm at --130°C. CFI-I:CH= (Found: M, 46-18. Calc. for C2HsF: M, 46.04) v.p. 43.65 mm at 
--111-9°C. CFa:CFH (Found: M, 82.04. C ale. for CzHFs: M, 82.03) v.p. 19.80 mm at --111"9°C. 
C=HsF (Found: M, 48.5. Calc. for C2H~F, M, 48.1) v.p. 195 mm at --63-5°C. The ethylene used had 
a v.p. of 453 mm at --111.9°C (in reference 7, 455 mm). 

The diborane used had a v.p. 225.5 mm at --111"9°C (in reference 8, 225"0 ram). 
All experiments were conducted using a high-vacuum system of conventional design. Vapour- 

pressure measurements on the ethylboron fluorides were made using a tensimeter39~ All temperatures 
below 0°C were determined using vapour-pressure thermometers. 

During the work here described extensive use was made of infra-red spectra as a means of 
qualitatively identifying constituents of gaseous mixtures. Spectra were recorded, using a Model 21 
Perkin-Elmer double-beam spectrometer, and a 4 cm gas cell equipped with KBr windows. 

Pure samples of the fluorocarbons, as well as mixtures of known composition, were used to 
calibrate the mass spectrometer employed in this work. 

Microanalyses were made by the Schwarzkopf Microanalytical Laboratory, Woodside, New York. 
Gas non-condensable at the temperature ofliqui d nitrogen was collected in a gas burette by means 

of an automatic Sprengel pump. As this pump* has not been described in the chemical literature, yet 
is extremely useful, a brief description is given here. Pellets of mercury, spilling intermittently from the 

* The apparatus in essentially this form had its origin in the laboratory of Professor BURO, where it 
was devised by R. I. WAONeR, F. G. A. STONE and A. B. BURO. 
~a~ D. T. HURO J. Amer. chem. Soc. 70, 2053 (1948). 
~4~ W. A. G. GRAHAM and F. G. A. S'rONE .L inorg, nucL Chem. 3, 164 (1956). 
~U~F.G.A. STONEandW. A.G. GRAitAM Ghem.&Ind.(Rev.)l181(1955 ). 
c3~ G. T. FUKUKAWA, R. E. McCOsK~, and M. L. REILLY J. Res. nat. Bur. Stand. 51, 69 (1953). 
~7~ R. T. SANDESSON Vacuum Manipulation of Volatile Compounds. John Wiley, New York (1948). 
is~ A. B. BURG J. Amer. chem. Soc. 74, 1340 (1952). 
~D~ A. B. BuRo and H. I. SCHLESINGER J. Amer. chem. Soc. $9, 780 (1937). 
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reservoir A, trap the gas present in B and carry it down the 3 mm bore capillary C into the gas burette 
D. In operation, the apparatus is filled with mercury up to line E. Mercury is lifted in neat pistons 
up the tube F by application of a rough vacuum at G and careful admission of air at H. Mercury is 
recycled through the valve J, a steel ball ground into place so as to permit the mercury to flow only 
downwards through this tube. When a length of recycled mercury appears above point K, it is lifted 
by the air to reservoir A, causing a like amount to spill into the capillary. 

@ 

S C A L E  : 

I = 7 c m .  

FIG. 1.--Automatic Sprengel pump. 

When the gas has been quantitatively transferred to the gas burette, pumping is stopped by closing 
H. Stopcock L is opened to by-pass valve J, stopcock M is opened, and mercury from the main 
reservoir N flows into the apparatus. Additional pressure is exerted using bulb P. Rising mercury 
compresses the gas in the burette to one of the calibrated marks and also fills the arm Q, which has 
previously been highly evacuated, and now serves as the dosed end of a manometer from which the 
gas pressure is read. Volume and temperature are noted and the gas volume calculated. Mercury is 
again lowered to the operating level by a rough vacuum at R. 

Combustion of the gas is carried out by opening suitable stopcocks and using the pump to 
circulate the gas through the furnaces S (copper oxide at 750°C) and T (copper metal at 400°C). 
Water formed is removed by a --78"5°C bath at II. Other products are then collected in the burette 
and measured. 
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The reaction between boron hydride and tetrafluoroethy&ne 

(a) Choice of  ratios of  reactants. During investigation of the effect of diborane on tetrafluoro- 
ethylene at 80-100°C it was found that  if the B2Hs:C2F4 molar ratio was 1 : 2, or the mixture even 
richer in B~H6 than this ratio,serious explosions occurred, but only after the reactants had been heated 
for some hours. Thus when 510 c.c.* B~H6 was heated with 1019 c.c. C2F4 at 80°C in a 1 I. Pyrex 
reaction-bulb the mixture exploded 20 hr later, completely destroying the oven used in the experiment. 
However, no explosions took place when diborane was heated with excess of tetrafluoroethylene, 
provided initial pressure in the reaction vessel was less than 1-5 atm. Furthermore, no explosions were 
ever encountered at room temperature even with B2Hs:C2F4 ratios of 1 : 2 or more. It seemed, 
therefore, that at temperatures above 80°C, explosions were caused by the action of higher boranes on 
tetrafluoroethylene, since under conditions involving an excess of diborane there would be the 
likelihood ofborine fragments reacting with themselves giving higher boranes. Thenaf ter  somehours  
there would be a sufficient concentration of these higher boranes to react explosively with tetrafluoro- 
ethylene. To put  this idea on a firmer basis, a 15"7 c.c. sample of C2F~ was added to 12-1 c.c. BsH9 
in a glass tube of 30 ml capacity. The tube was sealed off from the vacuum line and allowed to remain 
at room temperature for an hour, during which time no change was visible. The tube was then placed 
in a steam-bath, where it exploded with sufficient force to remove the top of the bath. 

(b) Room-temperature reactions. An experiment typical of many at room temperature is des- 
cribed here in detail in order to demonstrate how the products of other experiments mentioned in this 
paper were separated and identified. A 1 1. Pyrex bulb was filled with 960 c.c. C~F4 and 318 c.c. 
B2H~ (molar ratio B~H6 : C2F4, 1 : 3). After a few days a white solid began forming on the inside of  
the reaction bulb, but the latter was not reattached to the vacuum system until 33 weeks later, by 
which time all material containing boron-hydrogen bonds had been consumed by reaction with 
olefins. On opening the bulb, 15.5 c.c. H21" was removed, and the other volatile products were 
separated by distillation in vacuo, giving well-defined fractions at --196°C(I), --130°C(II) and 
--96°C(III). The white solid remained in the bulb, since it was non-volatile at room temperature. 

Fraction I (715 c.c.) was treated with water but no hydrogen was formed showing that all diborane 
had been used up in the reaction. The volume, however, was reduced to 370 c.c. (average M, 98-4; 
significantly lower than M, 100.0 calculated for C2F4). Mass spectrometer analysis of gas which 
survived water treatment gave: C2F4, 93.87; CF2:CH~, 3.95; C2H4, 0.22; C2H6, 0.11; CF2:CFH, 
0.04 mole per cent. There was little doubt that the gas absorbed by water was BF3, since it was 
volatile enough to pass a U-trap at --130°C, yet no non-condensable gas was formed on hydrolysis. 
Quantitative analysis of the solution for fluoride tl°~ ion confirmed this (Found: F -  equivalent to 
341 c.c. BFs). 

Analysis o f l I  (243-8 c.c.) was more difficult. Previous experiments had shown that only the major 
part of these --130°C fractions reacted with trimethylamine. Thus they did not entirely consist of 
boron-containing material. This became obvious when it was found that after the -- 130°C fractions 
had been treated with an excess of trimethylamine giving a solid, the gas recovered did not have an 
infra-red spectrum identical with pure trimethylamine. Separation of mixture II into its constituents 
was accomplished, therefore, by treatment with excess of Me3N (310.9 c.c.) to give a solid addition 

+ -  
compoundMe3N.BEtFz, m.p. 23'9-25'3°C (Found: C, 43"66; H, 10.17; N, 10.50; B, 8"25; F, 27-87. 
CsHI4BF2N requires: C, 43"84; H, 10.30; N, 10.23; B, 7.90; F, 27.74 percent),  and 106.1 c.c. gas. 
These volumes in themselves imply that II consisted of 224.3 c.c. EtBF2 and 19.5 c.c. of other material. 
Confirmation was supplied by treating the recovered gas (106.1 c.c.), trimethylamine plus impurity, 

+ -  
with BF3 (126.1 c.c.)givingsolid MeaN'BFa, and 17.4c.c. gas retained at 130~C. The excess of BF3 
(41.0 c.c.) was condensed at --196°C. This 17.4 c.c. "impurity" in the EtBF2 appeared to consist 
principally offhe olefin C F H : C F H  (Found : 34, 65.2; C2H~F.~ requires M, 64.0. When 4.01 c.c. were 
ignited over CuO at 800°C 8.43 c.c. COz was produced. Expected : 8.02 c.c. CO.,. Mass spectrometer 
analysis showed the principal peak to be at M/e : 64, and the spectrum differed from all other 
fluoro-olefins used in this work) presumably as a mixture of cis- and trans-forms. 

Fraction ,II1 (44-14 c.c. 247.5 mg) also proved to be a mixture, as did all the 9 6 C  fractions 

* Throughout this paper quantities of material expressed as c.c. refer to the s.t.p, volume. 
5" It is hardly necessary to point out that the small quantities of hydrogen formed in some of the reactions 

described in this paper came from the well-established tendency of diborane to decompose. 
¢1o~ R. J. ROWLEY and H. V. CHURCHILL Industr. Engng. Chem. (Anal.) 9, 551 (1937). 
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obtained from the many diborane-fluoroethylene reactions conducted at room temperature. Indeed, 
the small amounts  of material prevented characterization of all components of these mixtures. In this 
particular experiment, 11I was distilled through a --78'5°C bath four times, giving fractions passing 
-78.5°C of volumes: 13'56 c.c. (M, 1_01-3), 9'8 c.c. (M, 105"4), 4'94 c.c. (M, 107), and 4'18 c.c. 
(M, 111). These fractions were combined (32-48 c.c.) and found to react with 32-49 c.c. Me3N, when 
treated with an excess of this base, giving a liquid addition compound. Combination of that  part  of 
111 passing a trap at --78'5°C with an exactly equal volume of MeaN did at least imply the presence of 
32'48 c.c. of boron. The remainder of III could be divided into a fraction retained at --46°C (3"5 c.c.), 
probably triethylboron, and a fraction at --78"5°C (8.16 c.c., M, 117). These two small fractions also 
combined in a I : ! ratio with Me3N. 

Total boron content of III was thus 44-1 c.c. (i.e. only 7 per cent of the boron used in the reaction); 
the boron content of II, 224.3 c.c.; and the boron content of I, 345 c.c. Hence these volatile 
reaction products account for 613.4 c.c. of the 636 c.c. of boron taken as BzHe for reaction. The 
remainder of the boron appeared in the white polymer (Found: C, 23.98, 24.01; H, 0.32, 0.00; 
F, 71.44, 70.25; B, 4.16, 6-88 per cent; M, isothermal method, t11~ 650). 

(c) Reactions at 80-100°C. In a representative experiment B2He (116.6 c.c.) was heated with C2F4 
(438.4 c.c.) at 80°C for 24 hr in a 1 1. Pyrex bulb. White polymer appeared in the bulb within a few 
hours of starting the experiment. The reaction vessel was attached to the vacuum-line through a 
tube-opener, and 6.80 c.c. Ha removed. The volatile products were then separated in a manner 

+ -  
similar to that described under (b) above, giving 134 c.c. BF3 (characterized as Me3N'BFs) (Found : 
C, 28.11 ; H, 7.19; N, 10'89; C3HgBF3N requires C, 28.38; H, 7-15; N, 11.04 per cent) and 233.6 c.c. 
ethylenes (Mass spectrometer analysis: C2F~ 95.37; CFa:CHa, 3'31; CHF:CHa, 0"48; and 
CF~ :CFH, 0-17 mole per cent) at --196°C. The --130°C fraction consisted of 68"6 c.c. EtBF2 (again 

+ -  
separated as Me3N.BF~Et)and 10.0 c.c. material inert towards MeaN, probably CFH:CFH.  The 
- -96 'C fraction consisted of only 22'3 c.c. material. The 22-3 c.c. fraction was treated with 41'6 c.c. 
MeaN forming a liquid complex, 19.2 c.c. Me3N being recovered. Treatment of the complex with 

+ -  
excess of BF3 in an attempt to form Me3N'BF3 failed to displace all the Lewis acids combined with 
the MeaN. However, 7"6 c.c. Et2BF (identified by its infra-red spectrum) was obtained. It was 
apparent from this experiment as well as others involving diborane and tetrafluoroethylene that the 
--96°C fraction contained Lewis acids stronger than BF3. 

The polymer contained a little boron, although volatile products (equivalent to 225.0 c.c. boron) 
as usual accounted for the major portion. The diborane taken for reaction corresponded to 233.2 c.c. 
boron. 

(d) Some properties of" the polymer. The polymer proved to be interesting in that  it was very 
soluble in a variety of donor solvents like ether, acetone, triethylamine, ethyl acetate and glacial acetic 
acid, but insoluble in benzene, carbon tetrachloride, carbon disulphide and chloroform. The mole- 
cular weight varied from reaction to reaction with a maximum M, 1183 (Found: C, 23.97; H, 0.33; 
B, 4.38; F, 71.00 per cent). 

The reaction between diborane and vinyl fluoride 

A 1 1. bulb containing 124.5 c.c. BaH6 and 636-0c.c. CHa:CHF was heated for 10 days at 55°C 
and then for 2 days at 70°C. The bulb was then opened and its contents examined. No hydrogen had 
been formed, indicating no loss of BH3 by pyrolysis. Volatile material was fractionated through 
U-traps at --196°C (I), --130°C (II), and --96°C (II1). 

The infra-red spectrum of I (284.0 c.c.) indicated absence of B~-H containing material. All B~He 
had, therefore, been consumed. This was confirmed when on treatment of I with water, no hydrogen 
was formed but the volume decreased to 258"5 c.c. (infra-red spectrum corresponded to vinyl fluoride 
with a trace of ethylene) owing to absorption of 25"5 c.c. BF~ (indicated in spectrum of I before 
hydrolysis). 

The infra-red spectrum of II (126.7 c.c.) also showed no B - - H  containing material, but showed the 
presence of a small quantity of CHa:CHF. Refractionation of II through a trap at --130°C yielded 
6-8 c.c. CHa:CHF, and 119.9 c.c. of pure EtBFa. 

IH~ R. SIG~t:R Liebigs Ann. 478, 246 (1930). See STEYERMARK Quantitative Organic Microanalysis. Blakiston 
(1951). 
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Fraction III was distilled through a trap at --45°C, where 83.8 mg (19.1 c.c.) EtsB (infra-red 
spectrum identical with triethylboron specimen prepared via Grignard reagent) was retained. An 
81.4 c.c. sample Et2BF (identified by infra-red spectrum) was recovered in the --96°C trap. 

The various components of the mixture account for 245-9 c.c: boron, 99 per cent of the boron 
taken as diborane for reaction. No polymerization of vinyl fluoride was observed. 

Several other reactions between B21-ie and CH2 :CHF were carried out under the same conditions of 
,temperature and pressure, using slightly different reaction ratios. No difficulties were encountered. 
However, when 142.5 c.c. B~He and 571"5 c.c. CH~:CHF were heated at 80°C, an explosion, 
Without breakage of the bulb, occurred after a few hours. On opening the reaction vessel, the walls of 
which were entirely black, 1190c.c. H~ was removed, and 161.5 c.c. condensable gas recovered. 
This'gas was identified as 143.0 c.c. BF3, 4.8 c.c. B2H6, 1-0 c.c. CH2:CHF and 3"0 c.c. EtBF2. The 
black solid appeared to be a mixture of carbon, boron, and solid boron hydride. 

The reaction between diborane and 1:1 difluoroethylene 
In a typical experiment, CF~:CH2 (646-5 c.c.) and B~H6 (158"0 c.c.) were heated in a 1 1. Pyrex 

bulb at 50°C for 10 days, and then at 65°C for 4 days. On opening the bulb, no hydrogen gas was 
"found. The ~y~action products were taken into the vacuum system and distilled through traps at 
--196°C (I), --130°C (II) and --96°C (III). Infra-red spectrum of I (506 c.c.) indicated it to be a 
mixture of BFs~and fluoroethylenes. Treatment with water gave no hydrogen, but removed 138-0 c.c. 
BFs, leaving 368 c.c. fluoroethylenes (Mass spectrometer analysis: CF~ :CH2, 59-9; CFH :CH2, 36-9; 
C~H~, 1.2; CFH:CFH,  1"42; CF4, 0'2 mole per cent). Fraction II consisted of 115.1 c.c. EtBF2, 
and III 62"1 c.c. Et~BF. Both boron fluorides were identified by their spectra. No polymerization of 
CF~:CH2 had occurred; and boron in the volatile products accounts for 99"7 per cent of the boron 
taken as B2H6. 

The reaction between diborane and trifluoroethylene 
A mixture of'CFz :CFH (649"0 c.c.) and B2He (159.3 c.c.) was heated at 55°C for 10 days, and then 

at 65°C for 3 days. No hydrogen was formed. Infra-red analyses of the products showed absence of 
absorption ban~s corresponding to B--H.  Products were identified as 290-4 c.c. fluoroethylenes 
(Mass spectrometer analysis: CF2:CFH, 90-8, CF2:CH2, 8'3; CH2:CI-IF, 0.2; C2H4, 0.1 mole per 
cent), 165'0 c,e. BF3, 103-9 c.c. EtBF2, 84.0 c.c. fluorocarbon (infra-red spectrum corresponding to 
the compound CFH :CFH) and 21"9 c.c. boron containing material condensed at --96°C (established 
as a mixture of Et~BF and Lewis acids stronger than BF3 by trimethylamine treatment). 

The reaction between diborane and ethylene 
In one experiment, C~H4 (662.0 c.c.) and B~H8 (150"5 c.c.) were heated in a 1 1. bulb at 60°C for 

10 days. No hydrogen gas was formed, and no C2H~ or B2He were recovered. Pure Et3B, 1.0634 g 
(243"0 c.c.) was condensed at --45°C. The only other product was Et2B2H~, 24.85 c.c. (Found: 
M, 85.2; Et2B~H~ requires M, 83.8. Infra-red spectrum different from any other observed in this work 
showed bands corresponding to B- -H,  B---C and C--H)  condensed at --96°C. ~12~ 

A mixture of C2H4 and B~H6 (molar ratio 4"4 : 1) heated under milder conditions again gave Et3B 
as the main product, but a small quantity (3"7 c.c.) EtB2H5 ~1~ (condensed at --130°C. Infra-red 
different from any other spectrum observed in this work, but nevertheless showed presence of B--C,  
B - - H  and C--I-I) was also isolated. 

The effect o f  diborane on ethyl fluoride 
A mixture of C~HbF (635.4 c.c.) and B~l'ie (317'4 c.c.) was allowed to remain at room temperature 

for 11 months, by which time formation of solid boranes was observed. The reaction bulb was then 
opened, 102.4 c.c. HI2 removed, and gas condensable in liquid nitrogen examined. The mixture 
consisted of 262-3 c.c. BzHe, 623.7 c.c. C2HsF (identified by infra-red spectrum) corresponding to 
98"4 per cent of this compound taken for reaction, and 5.1 c.c. BsHa (identified by comparing the 
infra-red sl?ectrum with that of a pure sample). 

Other mixtures of diborane and ethyl fluoride also failed to react over periods of months at room 
temperature. 
txa~ H. I. SCHLESlNOER, L. HORWTZ and A. B. BURG J. Amer. chem. Soc. 58, 407 (1936). 
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Synthesis of ethylboron fluorides from diborane, triethylboron and tetrafluoroethylene 
(a) A mixture of BsH6 (156 c.c.), Et3B (160.6 c.c.) and CzF~ (620.7 c.e.) was allowed to remain 

in a 1 1. bulb for a period of 1 year. During this time a quantity of white polymer formed, but in much 
smaller amount than when diborane and tetrafluoroethylene are alone mixed. After the bulb had been 
attached through a tube-opener to the vacuum line, 5"1 c.c. Hz was removed. Other products were 
separated in the usual manner into 391 '5 c.c. fluoroethylenes, 1.5 c.c. BFa, 385 c.e. EtBFa, 65.8 c.c. 
EtaBF and 16.4 c.e. EtsB. Infra-red spectrum of all fractions showed a complete absence of bands 
corresponding to B--H.  

(b) After a mixture of BaH6 (145.8 c.c.), EtaB (186.9 c.c.) and C2F4 (662 c.e.) had been heated at 
55°C for 10 days the products were, BFs (68"2 c.c), fluoroethylenes (439 c.c.), EtBFa (251 c.e.), 
Et~BF (58.1 c.c.) and EtaB (88 c.c.). No Ha or B---H-containing material was formed, but some 
polymer was observed in the reaction bulb. 

Characterization and properties of ethylboronfluorides 
For physical studies. EtBF~ was readily liberated from its trimethylamine complex by treatment 

at room temperature with the stronger Lewis acid boron trifluoride. Thus a 226 c.c. sample of 
+ -  

MesN'BEtF~, prepared by mixing equal volumes of Mean and I~tBF2 at --78"5°C, was treated with 
+ -  

246"0 c.c. BFs. Liquid phase disappeared within an hour, and solid Me3N'BF8 formed together with 
224.8 c.e. ethylboron difluoride (Found: M, 78"3, 78.1 ; F, 20-1 per cent. C2HsBF2 requires M, 77"9; 
F, 20.44 per cent) condensed at -- 130°C, and 20.3 c.c. BFa recovered at -- 196°C. 

Vapour-pressures of EtBF~ over the range --95°C to --45°C (Table 1) imply the relevant physical 
constants summarized in Table 4. 

TABLE 1.--VAPOUR TENSIONS OF LIQUID EtBFa 

t, °C --95 --83"6 --78'5 --63"5 --45'2 

Pmm (found) 5'8 17.4 26.6 81.5 262 
Pmrn (calc.) 6.2 17"~4 26.6 81-5 261"8 

The compound EtaBF (Found: M, 87.6; C, 55.3; H, 11.I per cent. C~H~0BF requires M, 87.9: 
C, 54-7; H, 11.1 per cent) combined in a 1 : 1 ratio with trimethylamine forming a liquid'adduct 

+ -  
Me3N'BFEta (Found: C, 55"9; H, 13"0; N, 9"9. CTHlaBFN requires C, 57"2; H, 13.03; N, 9.53 
per cent). 

Vapour-pressures of Et~BF over the range --45°C to --13°C (Table 2) determine the relevant 
constants summarized in Table 4. 

TABLE 2.--VAPOUR TENSIONS OF LIQUID Et2BF 

t, °C --45"2 --35"6 --22'8 --16"0 --13"1 

Prom (found) 11'6 20"9 43"9 62.8 73.3 
Pmm (calc.) 11'5 21"1 43.9 62.9 72.9 

Stability of ethylboron difluoride, with respect to disproportionation into boron trifluoride and 
diethylboron fluoride, was examined by heating a 103-2 c.c. sample at 80°C for 48 hr. No decompo- 
sition occurred, and 102.8 c.c. EtBFz (identified from its molecular weight and infra-red spectrum) 
was recovered. 

In a similar experiment, diethylboron fluoride was found to be thermally stable, showing no sign of 
disproportionation. 
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2. DISCUSSION 
As described in the experimental section, the main boron-containing products 

formed on treating any of the iiuoroethylenes with diborane are always boron tri- 
fluoride, ethylboron difluoride, diethylboron fluoride and triethylboron. Moreover, 
mass spectrometer analyses of tetra-, tri-, and 1- 1-di: fluoroethylene residues recovered 
from the reactions of these olefins with diborane showed them to contain appreciable 
quantities of less fluorinated olefins. 

These observations show that all the reactions follow an essentially similar 
course. Fluorine in the fluoroethylenes is first replaced by hydrogen derived from 
B--H-containing material. In this way ethylene is eventually formed, while at the same 
time B--F bonds are created. Once formed, the ethylene undergoes addition reactions 
with molecules containing B- -H linkages, whereby B--C bonds are synthesized. 

There are obviously a large number of possible reaction paths that can be followed 
during both replacement of fluorine by hydrogen from B--H, and addition of B- -H 
to ethylene. Fortunately, the number of stable boron-containing molecules ulti- 
mately obtained is limited by the inherent tendency of unsymmetrical borine deriva- 
tives to disproportionate. A further limitation on the number of final products is 
imposed because several reaction intermediates react to give the same compounds. 
The probable reaction scheme is outlined on page 127. 

Borine converts tetrafluoroethylene to trifluoroethylene, the BH~F group being 
produced. The BH2F molecule would be expected to exist as a dimer, and to be 
highly unstable, disprop0rtionating to BH 3 and BHF 2. Fluoroborine could also 
attack tetrafluoroethylene or other fluoroethylenes, exchanging H for F, or alter- 
natively it could add to ethylene giving EtB(H)F. The BHF 2 molecule would have 
similar properties, transferring hydride to carbon in the fluoroethylenes, and adding 
across the double bond in ethylene, giving EtBF2. Disproportionation of BHF 2 
would give another final product, boron trifluoride. 

Under the proposed reaction scheme, attack of B- -H on trifluoroethylene, formed 
from tetrafluoroethylene, would yield either 1 :l-difluoroethylene or 1:2-difluoroethy- 
lene. 1 :l-Difluoroethylene was indeed identified, by infra-red and mass spectrometer 
analysis, in the excess of tetra- or tri-fluoroethylene recovered at -- 196°C after reaction 
with diborane. 1:2-Difluoroethylene was not found in either the tetra- or the tri-fluoro- 
ethylene recovered from their respective reactions with diborane. Ethylboron difluo- 
ride condensing at --130°C, however, showed contamination with small quantities of 
a fluorocarbon which in the mass spectrometer gave a principal peak at M[e = 64, 
and had an infra-red spectrum corresponding to that expected for CFH : CFH. The 
compound CFH : CFH, presumably as a mixture of cis- and trans-isomers, would be 
expected to be less volatile than the other fluoroethylenes, and its appearance in the 
--130°C fractions rather than at --196°C is not unexpected. It is to be noted that 
cis- and trans-1:2-dichloroethylene are considerably less volatile than all other chloro- 
ethylenes. °3) The compound 1:2-difluoroethylene is of particular interest, since 
although it is a relatively simple molecule it has never been reported in the chemical 
literature. Unfortunately, it is formed in such small amounts by the reactions reported 
here that it has not been characterized completely, although it may be possible to do so 
at a later date. 

Much other, evidence for the proposed mechanism may be deduced from the work 
tla) E. H. HUNTRESS Organic Chlorine Compounds. John Wiley, New York (1948). 
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The effect of diborane on fluoPoethylenes 

cz F'4 ~ PoWyrner 
BH3 ~ I B I , ' ~ F ~  

CF2: CFH~- B H 2 F  CF2:CFH+BHF 2 CF2: CFH + BF 3 

S BHS. I B H 2 F ~ ' ~  

CFH: CFH + BH2F ICFH: CFH+ BHF 2 CFH ~ C FH + BF 3 
or ~ or or 

CF2:CH 2 ~. CF2 : Cl'l'z CF2: CH 2 

CH2: CFH ,~ i3H 2 F CH2: CFH 4- BHF 2 CH 2" CFH + BF 3 

CH2:CH2+ P, H2F CH2: CH 2 + BHF 2 CH2:CH 2 + BF 3 

J 

C2HsBH 2 C2 HsB(HIF C2HsBF 2 

C2HsBF 2 + C2H 5 BH 2 

i(C~Hs)2 BF C2H~BF 2 + C~ F3H etc. 

. / /  
(C...~ HS) 2 BH + BH3 / 

/ 
%/4 etc. 

C2H}B(H)F ÷ C2F3H etG. 

\ 
C2H 4 > (C~ Hs)2BH ~ 

/ ~ ~ ' ' ~  (C'2 HS) 3 B ÷ C 2 HSBH2 , 

/C2F 4 etc.  C2H4x 

(C2Hs)2BF + C2F3~H elc (C2Hs)3B 

described in the experimental section. Thus, whereas the presence of  ethyldiboranes as 
products of  the diborane-ethylene reaction was not demonstrated in previous work, (3) 
these compounds were found under milder reaction conditions used by us. Moreover, 
in reactions carried out between diborane and fluoroethylenes at room temperature a 
very complex mixture of products was obtained whenever the reaction was stopped 
before all B--H-containing material was used up. One product, tentatively identified* 
as EtB(H)F-BH 3, condensing in very small amounts at --96°C, could not be separated 
from diethylboron fluoride. Especially complicated were the mixtures obtained by 
treating vinyl fluoride with diborane at room temperature when small quantities of 
ethyldiboranes were detected. When reactions with vinyl fluoride were carried out 

* Treatment of diethylboron fluoride and the impurity (infra-red showed B- -H)  believed to be 
EtB(H)F.BHa with trimethylamine gave a liquid. Addition of boron trifluoride yielded EtzBF, as expected, 
but also B=H~, and ethylboron difluoride. The latter would form by disproportionation of the EtB(H)F 
group. 
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above 50°C, however, boron trifluoride, ethyl- and diethyl-boron fluoride, and triethyl- 
boron were the only boron-containing compounds observed. 

Distribution of boron among the products of diborane-fluoroethylene reactions 
varies with the ethylene used and is summarized in Table 3. With each olefin from 
experiment to experiment the boron distribution changes slightly even with a constant 
ratio of reactants. Nevertheless, this variation is small compared with the change 
in boron distribution brought about by substituting one fluoroethylene by another. 
Thus, with tetrafluoroethylene, molar ratio olefin : diborane of 4:1, yield is in the 
order BF 3'> EtBF 2 >~ Et~BF > Et~B. With vinyl fluoride it is EtBFg. > Et~BF >~, 
BF2 ,~ EtaB. These changes in proportions of boron-containing products are to be 
expected under the reaction scheme suggested. Substitution of one fluoroethylene by 
another with a lower fluorine content should favour those reactions leading to B--C 
bond formation over those leading to B--F bond synthesis. Similarly, as indicated in 
Table 3, a change in ratio of reactants brings a slight but expected shift in boron 
distribution. 

TABLE 3 . - - B O R O N  DISTRIBUTION IN DIBORANE-FLUOROETHYLENE REACTIONS {a') 

Olefin 

C2F~ 
C3FaH 
1 :I-C2FIH2 
C~FHa 

CmF¢ 
CzFH3 

• Rat io  o f  
reactants  

olefin: B~H6 

4 " 2 : 1  
4 " 1 : 1  
4 " 1 : 1  
4 " 1 : 1  

3 . 1 : 1  
4 " 6 : 1  

Boron  in the  products  as 

BF3 EtBF~ Et2BF 

58.0 30"0 0 (b) 
51"7 32"6 0 (b) 
43"6 36"5 19"7 

7"0 55"0 32"6 

54.2 35.3 0 
9.3 51.2 33.9 

EtaB 

O(b, e) 

O(b, d) 

O(e) 
3"5 

O(b, c) 

0 

(a) Results presented in this Table refer to representative reactions conducted under conditions such 
that all B--H-containing material was consumed. 

(b) Trace amounts  of  EtsBF and EtaB were sometimes obtained. 
re) In the B2HdC~F 4 reactions about 8 per cent boron taken as diborane for reaction is incorporated 

in the polymer, and a trace appears in the form of  Lewis acids stronger than  BF a. 
(a) Small amount  of  boron appears as acids stronger than  BFa. 
(e) Small quantities EtaB sometimes obtained. 

A very large change in the proportions of products may be accomplished by a 
preliminary addition of triethylboron to the diborane-olefm mixture. Thus as des- 
cribed in the experimental section mixtures of diborane, triethylboron and tetra- 
fluoroethylene give mainly ethyl-and diethyl-boron fluoride. Only a relatively small 
amount of boron appears as boron trifluoride. It is well known that addition of 
triethylboron to diborane quickly gives equilibrium mixtures of ethyldiboranes, t12) 
These can function as sources of ethylbodnes, EtBH 2 and EtgBH. Obviously the 
latter are then fluorinated by the fluoroethylenes, giving EtBF 2 and Et2BF as the main 
products. 

During the course of this work there was very little evidence for addition of 
borines to fluoroethylenes, e.g. 

CH2:CHF + BH3---> (C~H4F)BH 2. 

However, when tetrafluoroethylene or trifluoroethylene was treated with diborane, 
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boron-containing Lewis acids stronger than BF 3 were occasionally found, but in 
amounts far too small for identification. They may have been compounds with 
fluorine in the alkyl group. In any event, formation of  these compounds was insig- 
nificant in comparison with the  main reaction: conversion of fluoroethylenes to 
ethylene, followed by addition reactions of various borines occurring with ethylene 
only. 

Whereas fluoroethylenes undergo complete reaction with diborane even at room 
temperature over a period of  months, no reaction occurred between diborane and 
ethyl fluoride under the same conditions. This suggests that interaction of  the 
borine group with the ~r-electrons of the double bond is a necessary part of  the 
fluoroethylene-diborane reaction mechanism. It is possible, however, that ethyl 
fluoride and diborane would react at elevated temperatures under pressure, just as 
diborane and the paraffins react under such conditions, t3) 

The compounds ethylboron difluoride and diethylboron fluoride are new. Some of  
their physical properties are summarized in Table 4. Like the methylboron fluorides t14~ 
they do not disproportionate. 

TABLE 4 . - - P H Y S I C A L  PROPERTIES OF THE ETHYLBORON FLUORIDES 

m.p. (a~ 
(°C) 

C2HsBF, --101-0 
(C2H~)2BF --121-5 

b.P -~b) Log Prom = - - A / T  + B AHcvap~ 

(°C) ! A B (kcal mole -x) 

--25'4 
43'6 

1325 
1479 

8"229 6"06 
7'550 6.77 

Trouton's constant 
(cal deg =1 
mole -1) 

24"5 
21"4 

ta~ Stock magnetic plunger method. 
~bl By extrapolation of vapour-pressure equation. 
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