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The preparation of carbonyl chloride fluoride1p2 and 
its reaction with cyclic ethers' was described earlier. 
This paper deals with the preparation of ethylene bis- 
fluoroformate and o-phenylene bisfluoroformate from 
the corresponding vicinal diols and carbonyl chloride 
fluoride and the successful decarboxylation of ethylene 
bisfluoroformate to ethylene difluoride, which generally 
is difficult to prepare. 

By treating ethylene glycol, the simplest aliphatic 
vicinal diol, with carbonyl chloride fluoride, ethylene 
bisfluoroformate was obtained as the main product in 
very high yields when proper reaction conditions were 
used. For example, the use of a small amount of terti- 
ary amine as a catalyst, an inert solvent (e.g. ,  benzene), 
and a moderate reaction temperature were required to 
suppress the formation of the undesired ethylene glycol 
carbonate. Table I shows the results of these reactions 
and of the reactions with pyrocatechol. 

TABLE I 
REACTION BETWEEN VICINAL DIOLS AND CARBONYL 

CHLORIDE FLUORIDE 
-Yield,' %- 

Coaver- v v 
don C-OCOF y--> 

CH*-OH 60 N(But), 100 73 27 

of the I C=O 
Starting Temp., diol, A-OCOFA-  
material OC. Catalyst % 

I 20 N(But), 99 99 1 
CH-OH 

8 92 
29 71 

The yields were determined by gaa chromatographic ratios 
The yields of the crude reaction products before distillation, 

after distillation were slightly lower owing to mechanical losses. 

The purity of the carbonyl chloride fluoride is not 
critical if this reagent is applied in excess. For example 
impurities of 10 to 15Y0 of carbonyl chloride and car- 
bonyl fluoride in the carbonyl chloride fluoride did not 
influence the reaction. Therefore, it must be assumed, 
that COFCl enters the reaction preferably. Ethylene 
bisfluoroformate can also be prepared from ethylene 
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glycol and carbonyl fluoride4; however, the yield is 
given as only 79% compared with 98.9% obtained in our 
case. In addition, the formation of hydrogen fluoride 
as reaction product is less desirable than that of hydro- 
gen chloride. 

With pyrocatechol, the simplest aromatic vicinal 
diol, it was found much more difficult to suppress the 
formation of the cyclic carbonate. This was expected 
based on the different steric conditions of the aliphatic 
and aromatic vicinal diols. Table I shows the results 
of these reactions. 

Decarboxylation of ethylene bisfluoroformate was in- 
vestigated in the liquid phase using catalysts such as 
tertiary amines and boron trifluoride etheratej5 and in 
the vapor phase with sodium pyrophosphate-boron tri- 
fluoride complex.6 Tertiary amines, such as pyridine, 
gave only traces of ethylene difluoride. The use of 
boron trifluoride diethyletherate resulted in 28.6% 
yield of ethylene difluoride and 21.9% yield of FCHz- 
CHzOCOF. In addition, 49% of ethylene was ob- 
tained, which was identified as the dibromoethane de- 
rivative. The decarboxylation of ethylene bisfluoro- 
formate was repeated in the presence of boron tri- 
fluoride tetrahydrofuran etherate. In this case, no 
ethylene was obtained. These results indicate that the 
ethylene had formed from the BFa-(CzH&O and not 
from the ethylene bisfluoroformate. Attempts to de- 
carboxylate ethylene bisfluoroformate in the vapor 
phase on the surface of Na4P2O7- 4BF3 complex were un- 
successful. At  300' no reaction occurred and above 
320' the complex melted. o-Phenylene bisfluorofor- 
mate could not be converted to 1,2-difluorobenzene by 
any of these methods. Its preparation by a multistep 
method will be described in a following paper. 

Experimental 

Materials.-Carbonyl chloride fluoride was prepared from 
arsenic trifluoride and phosgene.' The boron trifluoride etherates 
were prepared by passing gaseous boron trifluoride (Matheson) 
through the corresponding ether cooled to 0" until saturated, 
followed by a vacuum distillation. The sodium pyrophosphate- 
boron trifluoride complex was prepared from Na4P20, and BFI in 
a platinum crucible. All the other chemicals were obtained com- 
mercially. 

Preparation of Ethylene Bisfluoroformate .-Ethylene glycol 
(0.4 mole), tri-n-butylamine (2  ml.) as catalyst, and benzene (80 
9.) as solvent were placed into a 350-ml. stainless steel lecture 
bottle. Carbonyl chloride fluoride (1.5 mole of 88y0 purity; 
impurities, phosgene and COF2) was added, keeping the reaction 
mixture cool. The lecture bottle was shaken at  room temperature 
or 60" for 12 hr. The volatile products (unreacted carbonyl 
halides and HC1) were bled off a t  room temperature and the con- 
version and yields (Table I )  were determined by V.P.C. The 
residue was treated with anhydrous CaC12, filtered, and vacuum 
distilled. 

Properties of ethylene bisfluoroformate show it to be a colorless 
liquid of strong fluoroformate odor, which decomposes above 120' 
(lit.4 100-120°). It is soluble in CSn and benzene, but not in CCL, 
b.p. 33-34" at  1.5 mm. (lit.4 36' a t  1.7 mm.), refractive index 
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n P 6 ~  1.3673, dZ8 1.435 g./cc. N.m.r. ( F 9  showed a singlet a t  
18.5 p.p.m. above CFC13 characteristic for a fluoroformate group, 
and proton resonance a t  4.3 p.p.m. consistent with a OCHzCHzO 
group. The infrared spectrum shows the following absorptions: 
1830 ( V C - o  in fluoroformate group) and 1240 cm.-l( VCOC) ,  and the 
characteristic CHZ and C F  absorptions. 

Anal.  Calcd. for C4H4F204: C, 31.17; H ,  2.60; F, 24.68. 
Found: C, 31.81; H, 2.88; F ,  23.2. 

Preparation of o-Phenylene Bisfluoroformate.-All reactions 
between pyrocatechol and COFCl were carried out in the same 
way,. Pyrocatechol (0.3 mole), toluene (150 9.) aa a solvent, and 
tertiary amine (0.5 to 20 ml.) aa a catalyst were placed into a 
500-ml. stainless steel lecture bottle. Carbonyl chloride fluoride 
(1 .0 to 1.5 mole of 89% purity) waa added, keeping the reaction 
mixture cool. The lecture bottle was shaken at  different temper- 
atures for 12 hr. The conversion of the pyrocatechol and the 
yield of o-phenyl bisfluoroformate mainly depended on the reac- 
tion temperature and time, but not on the amount of catalyst or 
excess of COFCl. The reaction product was analyzed and isolated 
as described for the ethylene bisfluoroformate. 

o-Phenylene bisfluoroformate is a colorless liquid of strong 
fluoroformate odor. It has a b.p. 77" at  7 mm. and decomposes at  
higher temperature. The FIE n.m.r. spectrum shows a singlet a t  
17.6 p.p.m. above CFCla, which is characteristic for the fluoro- 
formate group. The infrared spectrum also confirmed the 
structure. 

Anal .  Calcd. for C ~ H ~ F Z O ~ :  C, 47.54; H ,  1.99; F, 18.80. 
Found: C, 47.93; H, 2.31; F ,  18.7. 

Decarboxylation.-All decarboxylation reactions in the liquid 
phase were carried out in the same way. The catalyst (15 ml. 
of pyridine or BF3 etherate) wasp laced into a 50-ml., two-necked 
flask, equipped with a magnetic stirrer, dropping funnel, inlet for 
nitrogen, and a water-cooled condenser, which was connected to 
two cold traps ( - 78 and - 196') and a mercury blow off. The 
flask was purged with dry NZ (50 ml./min.) for 0.5 hr. Then, 
the flask was heated to 120' and the bisfluoroformate was added 
dropwise, using stirring and a slow NP purge. The products, 
collected in the traps, and the residue in the flask were analyzed 
and identified by V.P.C. and infrared. The unsaturated products, 
such as ethylene, were brominated and identified as the bromo 
compound by analysis, refractive index, and their infrared spec- 
tra. The vapor phase decarboxylation was carried out by passing 
the bisfluoroformate vapors with dry nitrogen as carrier gas a t  a 
contact time of 10 sec. through an electrically heated quartz 
tube, which was connected to three cold traps (two a t  -78' and 
one a t  - 196') and a mercury blow off. The heated zone (300') 
of the quartz tube (length, 30 cm.; o.d., 1 cm.) was filled with 
Na4P2Or4BF8 as a catalyst. The gas inlet was heated by an in- 
frared lamp to prevent condensation of the starting material. 

it is apparent that the vinyl group reduces before the 
ring. Therefore, these vinylpyridines could serve as 
either donors or acceptors and thereby meet our 
criteria' for versatile participation in electrolytic re- 
ductive coupling. 

A concentrated solution of 2-vinylpyridine in 67% 
aqueous tetraethylammonium p-toluenesulfonate was 
electrolyzed at a mercury cathode. The expected 
hydro dimer I, b.p. 110' (0.15 mm.), m.p. 43-45' 
(m.p. of diperchlorate, 191-191.5' ; of dipicrate, 226- 
227" ; of dimethiodide, 260-261 "), was obtained in 
69% yield.4 The structure was established by ele- 
mental, molecular weight, infrared, and n.m.r. analyses. 

BianchettP has reported the preparation of a homol- 
ogous series of a,w-bis(2-pyridyl)alkanes by reaction 
of a-picolyllithium with Br(CH&Br. When n = 2 
his putative product I boiled at  104-105" (0.8 mm.) 
and yielded a diperchlorate, map. 260-265' ; a dipicrate, 
m.p. 234-240"; and a dimethiodide, m.p. 169-171'. 
In  our hands Bianchetti's procedure was found to 
yield not I but the known 1,2-bis(2-pyridyl)ethane, 
map. 49-50' ; dipicrate, m.p. 241-243' ; and dimeth- 
iodide, m.p. 170-171'. The base was further identi- 
fied by elemental analyses, mass spectral molecular 
weight, and comparison with an authentic sample. 
The abnormalitiesB in the reaction of ethylene bromide 
with organolithium compounds may well be due to the 
interchange reaction described by Wittig,' which, in 
this case,8 would lead to the following sequence. 

a-CsH4NCH1Li + BrCHnCHzBr -+ 
u-CsH,NCHtBr + LiBr + ClH4 

a-CsH4NCH2Br + a-CbHdNCHzLi + 
1,2-bis(2-pyridyl)ethane + LiBr 

Electrolytic Reductive Coupling. V. 
Reactions with 2- and 4-Vinylpyridine 
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Both 2- and 4-vinylpyridine have been used exten- 
sively as acceptors in the Michael reaction.2 Polaro- 
graphic examination in this laboratory showed that 
these olefins in mildly alkaline solution are reduced 
a t  - 1.6 and - 1.5 v., respectively (beginning of wave 
vs. the saturated calomel electrode). Since these 
values are more positive than those reported for pyri- 
dine derivatives not bearing an unsaturated side chain,3 

An electrolysis of a concentrated solution of 4-vinyl- 
pyridine in 85% methyl triethylammonium p-toluene- 
sulfonate containing dimethylformamide9 was con- 
ducted. The reaction was interrupted when precipi- 
tation of the product began to cause coating of the 
cathode. I1 was isolated in 82% yield4; previous 
multistep routes to 1 1 ' 0  have given poor yields. 
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membered cyclic intermediate transition state. 
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