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Recrystallization from ethanol gave colorless plates: mp 207- 
208"; kgZc13 257, 292, 301 mp ( e  16,900, 3130,3050); v f g  1780 
( C 4 ) ,  1769 ( C 4 ) ,  1736 ( C d ) ,  1592 cm-l ( c = c ) ;  mass 
spectrum m/e 590 (M+, 8Cl), 488 [M+ - (CHsCO)zO], 460 

A d .  Calcd for ClrH&laOT: C, 32.36; H, 1.02; C1, 47.75. 
Found: 
2,3',4'-Trihydr0xy-2~,3,4,5,5',6,6'-heptachlorodiphenyl Ether.- 

Zinc dust (10 g) was added with stirring to a solution of 1 (10 g) 
in  acetic acid (100 ml). The mixture was heated for 1 hr and 
poured into water after removal of the catalyst. The resulting 
crystals were collected and recrystallized from benzene to give 
colorless prisms, mp 180" (lit.' mp 181-182"), yield 7 g. 

2,3',4f-Triacetoxy-2',3,4,5,5',6,6'-heptachlorodiphenyl Ether. 
A.-Spirocyclohexenedione 1 (10 g) was dissolved in acetic 
anhydride (100 ml). The mixture was treated with zinc dust 
until the solution became colorless. After a few drops of sulfuric 
acid was added, the mixture was heated for 30 min on a water 
bath. The mixture was poured into water to give colorless 
prisms (6 g), mp 147-148" (EL4 mp 144"). 

Anal. Calcd for ClgHaC170T: C, 36.92; H, 1.55; C1, 42.39. 
Found: 

B.-Acetylation of 2,3',4'-trihydroxy-2',3,4,5,5',6,6'-heptachlo- 
rodiphenyl ether (3 g) with acetic anhydride and sulfuric acid 
gave the colorless triacetate (2 g), mp 147-148'. 

Spiro[2',3',4,5,5',5',6,7-octachloro4'-hydroxy-l ,J-benzodiox- 
ole-2,1 '-[2~yclopenteneEQf-carboxylic Acid (6) .Spirocyclo- 
hexenedione 1 (10 g) was heated on a water bath with 10% 
aqueous sodium hydroxide (10 ml) and dioxane (50 ml) for 2 hr. 
The mixture was poured into water and the resulting crystals 
were collected by filtration to  yield 9 g of the crude material. 
Recrystallization of this compound from chloroform gave color- 
less prisms (6): mp 188" dec; V ~ E  3370, 2900 (OH), 1741 
(C=O), 1636 cm-1 (C=C). Its molecular weight by a potenti- 
ometric titration with 0.1 N sodium hydroxide was 500.0 (theo- 
retical 527.8) and it was a monobasic acid, pK.' 3.55 in 10% 
ethanol solution. The pKe' value was assumed to be the p H  of 
half-neutralization. 

Anal. Calcd for C I Z H ~ C ~ ~ O ~ * H Z ~ :  c, 27.31; H, 0.76; c1, 
53.74. Found: C, 27.54; H, 1.31; C1, 53.62. 

Spiro[2f,3',4,5,5',5',6,7-octachloro4'-hydroxy-l,3-benzodiox- 
o1e-2,1'-[2]cyc1opentene~'-carboxy1ic Acid Ethyl Ester (7). 
A.-Esterification of 6 (5 g) with ethanol and sulfuric acid gave 
2 g of its ester (7) : 3350 (OH), 1740 (C=O),  
1638 cm-l (C=C). 

B.-To the solution of 1 (5 g) in ethanol (40 ml) was added 
hydrochloric acid (5 ml). The mixture was heated on a water 
bath for 2 hr and poured into water. The resulting crystals were 
collected, dried and recrystallized from ethanol to give colorless 
prisms, mp 176-177", yield 2.5 g. This compound was identified 
as ethyl ester 7 of 6 by mixture melting point and infrared 
spectrum. 

Anal. Calcd for C1*H&1806: C, 31.26; H, 1.12; C1, 52.73. 
Found: 
Hexachloro-3-cyclohexene-1,2-dione hydrate (9) was prepared 

by the method indicated by Zincke and Kiister.2 Chlorine was 
passed through a solution of pyrocatechol (20 g) in acetic acid 
(400 ml) under cooling. The reaction mixture was poured into 
water. The resulting precipitate WBS collected by filtration and 
recrystallized from ethanol to  obtain colorless prisms (9, 39 g) : 
mp 90-92" (lit.z mp 93-94'); X$zc'3 269 mp (e 8500); v:zr 
1723 cm-l. 

Anhydrous Form @).-The acetic acid was removed from the 
above reaction mixture in vacuo and the red residue was distilled 
to give a yellow liquid (8): bp 114-116" (0.35 mm) Clit.2 bp 
170" (18 mm)]; Xg2c'3 269 mp (E 8830) ; v,, 1778, 1720 cm-1. 

1-Hydroxy-2,3,4,4,5,5-hexachloro-2-eyclohexene-l-carboxylic 
acid was produced by the method reported by P r i m *  A solution 
of 8 (12.7 g) in acetic acid (25 ml) was added with stirring to a 
0.15-mol solution (40 ml) of sodium carbonate. The acid was 
set free by adding a mixture of acetic acid (25 ml) and hydro- 
chloric acid (12 ml). The mixture was poured into water and 
the precipitate was filtered to afford colorless plates (8 g) : mp 
112-113" (lit.2 mp 111'); v::' 1730 cm-' ( C 4 ) .  

[M+ - CO - (CH&0)20]. 

C, 32.37; H, 1.15; C1, 47.76. 

C, 36.97; H, 1.52; C1, 42.35. 

mp 176-177'; 

C, 31.07; H, 1.31; C1, 52.59. 

Registry No.-1, 1925491-2; 2, 1925492-3; 3, 
19294-05-4; 49 1929406-5; 5,1929407-6; 6,19254- 
90-1; 79 19254-93-4; 8, 19254-94-5; 9, 1925495-6. 
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The thermal decomposition of fluorinated carboxylic 
acid anhydrides has been of interest for several years.1.2 

Kirshenbaum, et a1.,2 in a detailed study of the action 
of heat on the silver salts of perfluorocarboxylic acids, 
reports qualitative data on the thermolysis of perfluoro- 
butyric anhydride. The reactions were carried out a t  
autogenous pressures a t  400-435" for 3 hr. The 
anhydride in the presence of AgzO gave the coupled 
product, CeFI4. When, however, the thermolysis was 
attempted using a perfluoroanhydride without AgzO 
very little coupled product was realized. 

In our studies, we have found that the thermolysis of 
bromodifluoroacetic anhydride proceeds almost quanti- 
tatively in the absence of an added catalyst (ie., AgzO) , 
as represented by eq 1. 
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BrCFgCBr + 2C02 + CO f BrCFzBr + CF,--CF2 (1) 

The coupled products in Kirshenbaum's work were 
stable, isolable compounds but, in the case of bromodiflu- 
oroacetic anhydride, the coupled product, BrCF2CF2Br, 
is unstable a t  high temperatures (ie., 300'). An 
independent experiment has confirmed the presence of 
Brz + polyperfluoroethylene and perhaps CFyCF2, 
from the thermolysis of BrCF2CF2Br under the same 
experimental conditions used in the thermolysis of 
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Experimental Section 

A. Apparatus.-The thermolysis system consisted of an air- 
tight, heated vertical Vycor tube loosely packed with glass wool. 
The reactant entered the system through an addition funnel and 
was flushed down with anhydrous nitrogen. The products from 
the thermolysis were trapped in cold traps at -70". 

B. Procedure.-In a typical run, the Vycor tube and glass 
wool was heated to  150' for 2 hr under a stream of nitrogen. 
The temperature was then increased to 300" and bromodifluoro- 
acetic anhydride (100 g, 0.30 mol) was allowed to enter slowly 
into the reaction zone. 

The material condensing in the traps was then distilled through 
a 6-in. Vigreux column. Based on eq 1, a 76% yield (25 g) of 
BrCFzBr, bp 23" (lit.3 bp 20-25'), and 92% yield (33 g) of 
BrCF& (4) Br, bp 71", was isolated. Infrared spectroscopy 
(CClr) shows two absorptions in the carbonyl region at 5.55 
(strong) and 5.68 p (weak) for B r C F z C ( 4 ) B r .  These bands 
are in accord with the spectra of known acid halides.' IoF nmr 
shows a single a t  59.1 ppm (relative to CFCla) and mass spec- 
trometry gives a fragmentation pattern consistent with 
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BrCF&(=O)Br, with the molecular ion a t  236 (C2Br2F20) and 
the most abundant m/e a t  129 (CFZBr)+. The properties of the 
ethyl ester of BrCF&(=O)Br were identical with a sample of 
authentic BrCF2C (=O)CH&Hs prepared from the corre- 
sponding acid and ethano1.6 

Dibromodifluoromethane was identified mass spectrally with a 
molecular ion (CF2Br2) a t  208 and the most intense m/e a t  191 
(CFBr2) +. 

Carbon dioxide and carbon monoxide were identified mass 
spectrally when the decomposition was performed in such a way 
as to intercept the effluent gases from the thermolysis by an AEI 
mass spectrometer. 

Registry No.-Bromodifluoroacetic anhydride, 7601- 
98-1. 
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Following a number of isolated instances of 0 alkyla- 
tion of ethyl acetoacetate,’ several reports of the fairly 
general applicability of this reaction have appeared by 

These studies have revealed that the O/C- 
alkylation ratio is remarkably dependent on the 
structure of the alkyl group, the solvent, the tempera- 
ture and the cation; however, a more detailed investiga- 
tion of these effects was hampered by the fact that the 
over-all yields are often rather poor. A recent com- 
munication concerning this reaction in hexamethyl- 
phosphoramide5 (HMPA) prompts us to report our own 
results obtained with this solvent. We have found 
that the use of HMPA allows not only better yields, but 
also the highest O/C ratios yet observed, This reaction 
is therefore useful for studies of ambident anion be- 
havior as well as for synthetic purposes. The alkyla- 
tion of ethyl acetoacetate is described in Scheme I. 

In most cases, the reaction was carried out at about 
100’; the anion was generated by the addition of ethyl 
acetoacetate to an ethoxide salt followed by the careful 
removal of ethanol, and the dissolution of the remaining 
solid in HMPA. The alkylating agent was in each case 
injected slowly under the surface of the solution so as to 
minimize evaporation losses. The products could be 
readily separated from the starting material, the solvent 
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