
To this mixture was added 141.5 g. of CF2=CFCF2CF2- 
CF=CF2 (0.5 mole) during about one hour with the tem- 
perature kept below 20°.m Stirring was continued for an  
additional three hours until the  evolution of carbon dioxide 
ceased. The oxidation mixture was worked up by reducing 
with SO2 until there was no further lightening in color, 
filtering the slurry, acidifying the filtrate with 120 ml. of 
concd. H&Oa, and distilling out material up to  the boiling 
point of water, mostly COz, SO2 and acetone. The residue 
was extracted with diethyl ether in a continuous liquid- 
liquid extractor. The ether \vas then removed m d  the 
residue treated with 300 ml. of absolute ethyl alcohol. 
The excess alcohol was distilled off a t  atmospheric pressure, 
and the product fractionally distilled to  give 75 g., SO',, 
yield, of C2H50COCF2CF2COOC2H6 (XIVa), b.p. 96" 
(20 mm.). The physical properties of this material differed 
substantially from those reported by Heme and Zimmer- 
schiedIO; see Table I, footnote k. For this reason, another 
sample of GH~OCOCFzCF2COOC2H6 was prepared from 

Oxidation of CF=CFCFzCF2.-The oxidation of this 
compound, b.p. 0.2" (740 mm.), was carried out a t  atmos- 
pheric pressure, and the diethyl ester of perfluorosuccinic 
acid isolsted by the technique described above for the 
oxidatjon of XII. The olefin, 81 g. (0.50 mole), was dis- 
i 1 1 d  intr, the reaction flask containing 137 g. of gh lnOa ,  
179 g. of SaHC03, 200 ml. of acetone and 800 ml. of water. 
S o  external cooling was required, since the refluxing olefin 
kept the mixture below 12". Most of the olefin had reacted 
in 9 hours. From the resulting mixture was obtained 85 g., 
liOL:, yield, of C~H50COCF2CF~COOCzH5 (X),  center cut 
(XIVb) b.p. 95" (20 mm.). The physical properties of 
XIVb were substantially identical with those of XIVa; 
see Table I. 

I 1  

CF=CFCFsCF2." 
r------1 

CF2-CF-Cl'i 

CF2-CF-CF2 : Thermal Reaction of CF2=CFCF2CF2- 
CF=CF2.-The diene XI1 was metered from a constant 
head dropping funnel into a copper coil vaporizer immersed 
in an oil-bath held a t  100" and the vapor passed into a 45 
cm X 3.8 cm. i.d. electrically heated nickel reactor tube. 
A thermocouple well extended into the center of the reactor 
tube. The mixture of product and unreacted starting 
material was condensed by a water-cooled copper condenser 
with receiver connected to  Dry Ice and liquid air-cooled 
traps. Before and after each run the system was swept out 
with dry nitrogen. The product, boiling 17' lower than the 
starting material, was separated readily by fractional dis- 
tillation. In the first run, 0.84 mole of XI1 was passed 
through the tube a t  350" with a contact time of two minutes 
to  give less than 1% conversion to  product; 97% of the 
starting material was recovered. I n  the second run, the 
temperature was raiscd to  450"; 0.62 mole of XI1 gave a 
607, conversion to  product and 377, of the starting ma- 

terial was recovered. In the third run, with the tempera- 
ture a t  450°, the contact time was increased to 6 minutes; 
0.46 mole of XI1 gave a 7070 conversion to  product, ant1 
27Yo of the starting material mas recovered. 

The product, compound XV, a solid melting a t  41", 
b.p. 42.6' (732 mm.), mol. wt. calcd. 262, fmind 362, 
was saturated to  chlorine plus light and to  E;XlnO4 i n  
acetone. I t  formed an azeotrope with CCId, b.p. 41.(i" 
(737 mm.).  

The structure propused for this coinpwiid, perfluoro- 
1~icycl0[2.2.0] hexane, is based on the following considera- 
tions. The formation of a single procluct from the diene 
XI1 with the same molecular migh t  and with niore than 
!VYG total weight recovery indicated that  S V  was formed 
from XI1 by thermal isomerization, a process which requires 
only an electronic rearrangement. The loss of two double 
bonds necessitates a bicyclo structure for XY. The rela- 
tively high freezing point and vcry small liquid range 
(about 3" a t  atmospheric pressure) suggest a high degree of 
symmetry. The marked case of formation of four-mem- 
bered rings b y  thermal reaction of a variety of olefins 
containing the terminal CF2= structure is vie11 k n o n . ~ ~ .  In 
addition, a compound anslogous to  X\', wllich contains three 
fused four membered rings, perfluorvtric~-clo[4.2.0.0~~~]- 
octane, is known to  be formed bh- thermal reaction of pcr- 
fluoro-1 ,3-butadienc.21 

.An X-ray investigation i,,f S\'2z failed to shed inucli light 
on the structure, because the material was found to show 
rotational disorder. 

CF2=CC1CFJ + 7a in Anhydrous Dioxane : CF2=CCI- 
C!F2CfCCI=CT2.--To a w-ell-stirred suspension of 100 g .  of 
Zn -dust in 400 ml. nf anhydrous dioxane a t  reflux -,vas 
added 169 g. of CF?-=CC1CF21 (0.63 mole) over a half-hour 
period. There was 110 noticeable lieat effect a t  a n y  time; 
the mixture wts  held near reflux for 6 hours, and mntcrinl 
v a s  distilled out to the boiling point of dioxane, 100.7" (747 
inin.), The distillate c,mtained ncithiiig boiling beloir room 
temperature. I t  cnntained a small amount of unidentified 
material boiling at  45', having ii very pungent odor, but was 
principally a dioxane azeotrope, b.p. 98.5' (747 inin.), n:: 
1.3989, ca. 54';G dioxane hy wt . ,  whicli gave on drowning i i i  

water a 3zC', yield of CI'2-=CCICF?Ci'rCCl-=CF: (X\.I  j ,  

b.p. 112.8' (735 inni.). The structure proposed for this ma- 
terial is based on nnslogy with tha t  demonstrateti for 
XII. 

( % I )  h l .  Prober and \V. T. Ml l l t r ,  J r . ,  T H I S  J O U R N A L ,  71, 508 (!94!4). 
E\-idence for the fused tric!clic structure consists of the isolation of the 
intermediate compound perlluoro-1,2-divinylcyclobutane and its con-  
version into the tricgclooctane under conditions similar to those utilized 
in  the present work; R T. C;irroll and W T. L?iller. Jr., unpublished 
rrork. 

(22) P. J. Shapiro and J I. J ioard,  THIS J O X ' R S . ~ L ,  7 6 ,  3317 (1951). 
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Nine methyl-fluorinated derivatives of diphenylmethylcarbinol have been prepared b?. t h e  Grignard reaction from suitable 
The ultraviolet and infrared spectra of these carbinols are 

Some of the above acetophenones also have been reduced and the corresponding secondary alcohols condensed 
The chemical reactions of the new substances have been studied. 

substitution products of ethyl fluoroacetate or acetophenone. 
discussed. 
with chlorobenzene in the presence of fuming sulfuric acid. 
Ethyl fluoroacetate is a-chlorinated by sulfuryl chloride in the presence of benzoyl peroxide. 

The interesting biological pr~pert ies l -~ of the di- aryl-(trifluoromethyl)-~arbinols~~~ macle a study of 
(1) A. S. Tahori, J .  Econom. Enfomol., 48, 638 (1955). 
(2) S .  Reuter, S. Cohen, R. Mechoulam, A. Kaluszyner and A. S. 

(3) K. R. S. Ascher, Scienre ,  125, i n  press (1957). 

(4) E. D. Bergmann, A. S. Tahori, A. Kaluszyner and S. Reuter, 

(5) A. Kaluszyner, S. Ileuter and E. D. Bergmann, THIS J O U R N A L ,  

Natrrvc, 176, 266 (1955). 

77, 4104 (1955). 
Tahori, Rivisla di Pavassitol.,  17, 125 (1956). 
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analogous methyl-fluorinated methyldiarylcarbinols 
appear worthwhile. 

The purification of the products (I) from the 
Grignard reactions of arylmagnesium bromides 
(phenyl, p-chlorophenyl, p-bromophenyl and p 
methoxyphenyl) with ethyl difluoroacetate was made 
difficult by the presence of the biphenyl derivatives 
formed as by-products. Combination of distilla- 
tion under reduced pressure and chromatography 
gave the pure carbinols, which were oils and showed 
ultraviolet and infrared spectra similar to those of 
the corresponding diaryl- (trifluoromethy1)-carbi- 

(P-XCsHa)z(COH)CHFz ( ~ - C H ~ O C E , H ~ ) ~ C = C F ~  
I I1 

111 I V  
(j-CICsH.JzC(OH)CHFCI (P-XCeHJzC(OH)CF~CI 

(j-XCeH4)2C (OH) CFCli 
V 

nols. In the infrared spectrum, the OH valency 
stretching frequency was observed a t  3600 cm.-'. 

The p-methoxyphenyl compound lost water spon- 
taneously, even under mild conditions, and gave 
l,l-di-(p-methoxyphenyl)-2,2-difluoroethylene (11) , 
which has practically the same ultraviolet spec- 
trum (A 241 mp, log E 4.42) as 1,l-di-(p-chloro- 
phenyl) -ethylenea6 In the infrared, the hydroxyl 
frequency was absent; instead a band appeared a t  
1700 cni.-' which may be assigned to the C=CF2 
bond, conjugated with the p-methoxyphenyl 
groups. 

The Grignard reaction between ethyl chlorofhoro- 
acetate and p-chlorophenylmagnesium iodide gave 
the expected carbinol 111, an oily liquid. In this 
connection it may be worthy of note that ethyl 
chloroflu~roacetate~ can be prepared more easily 
(in 30% yield) by chlorination of ethyl fluoroace- 
tate with sulfuryl chloride in the presence of ben- 
zoyl peroxide as catalyst than by the previously re- 
ported method. 

The esters of difiuorochloro- and dichlorofluoro- 
acetic acid reacted smoothly with phenylmagne- 
sium bromide, giving the carbinols IV and V (X = 
H) . Surprisingly, the reaction with p-chlorophen- 
ylmagnesium bromide was extremely sluggish, even 
under stringent conditions. The main reaction 
product was 4,4'-dichlorobiphenyl These two es- 
ters, therefore, behave similarly to ethyl trichloro- 
acetate.8 A detour had to be employed for the 
preparation of the di-p-chloro-derivatives (X = Cl) 
of I V  and V. The corresponding ketones VI and 
VI1 were prepared from difluorochloro- and dichlo- 
rofluoroacetic acid and an excess of p-chlorophenyl- 
magnesium bromide according to the method of 
Sykes, Tatlow and T h o r n a ~ . ~  These ketones gave 
the desired carbinols when treated for a consider- 
able length of time with a twofold excess of p-chloro- 
phenylmagnesium bromide. 

p-CICsH,COCFzCI ~ - C I C ~ H I C O C F C I ~  
VI VI1 

-. 

(6) F. A. Gunther and R. C. Blinn, "Analysis of Insecticides and 
.4caricides," Interscience Publishers, New York, N. Y., 1955, p. 636. 

(7) J. A. Young and P. Tarrant ,  THIS JOURNAL, 71, 2432 (1949). 
(8 )  A. Kaluszyner and S. Reuter, i b i d . ,  75, 5126 (1953). 
(9) A. Sykes, J ,  C. Tatlow and C. R. Thomas, Chemistry b Indics- 

( r y ,  630 (19h.5); J .  C h m .  Sor. ,  835 (1936): cf. R. C. Huston and D. L. 
13xilc,y, THIS joimx.v, 6 8 ,  1332 (1940). 

(P-CICE,H~)~C(OH)CH~F P-CICsHdCOCH2C6H4CI-p 
VI11 IX  

Finally, ethyl fluoroacetate was converted, by re- 
action with p-chlorophenylmagnesium bromide, 
into 1,l-di- (p-chlorophenyl) -2-fluoroethanol (VIII) . 
As a by-product, 4,4'-dichlorodesoxybenzoin (IX) 
was obtained, in analogy with the observations of 
Bergmann and Kalmus.lo Dehydration of the 
carbinol VI11 gave l,l-di-(p-chlorophenyl)-2-fluoro- 
ethylene (X), whilst the chlorine-free parent com- 
pound of VI11 gives a hydrindene derivative under 
these conditions.10 The structure of X follows 
from the identity of its absorption spectrum (A 240 
mp, log E 4.22) with those of 1,l-di-(p-chloro- 
phenyl)-ethylene6 and 11, and from its oxidation to 
PIP'-dichlorobenzophenone. Upon reduction with 
iodine and red phosphorus, the carbinol VI11 was 
converted into 1,l-di-(p-chlorophenyl) -ethane. 

When the ketones VI and VI1 and p-chloro-w- 
fluoroacetophenone" were reduced with lithium 
aluminum hydride, the corresponding secondary al- 
cohols were obtained, without loss of the aliphatic 
halogen atoms. Condensation of the three alcohols 
with chlorobenzene in the presence of fuming sul- 
furic acid gave l,l-di-(p-chlorophenyl)-2,2-difluoro- 
2-chloroethane (XI), -2,2-dichloro-2-fluoroethai~e 
(XII) and -2-fluoroethane (XIII) . 

(P-CIC~H~)ZC=CHF (p-ClCc,H4)2CHCFzCl 
S XI 

(j-CICsHa)2CHCFC13 (j-C1CsH4)&HCHzF 
XI1 XI11 

(p-CICeHa)zC=CFz ( ~ - C I C ~ H ~ ) Z C = C C ~ F  
XIV xv 

Compound X I  melted a t  54-55' and was obviously 
not identical with the product of m.p. 90" which 
has been obtained by Pouterman and GiraudetI2 by 
the treatment of DDT with antimony trifluoride 
and to which they assigned formula XI. 

It appeared interesting to compare the behavior 
of the compounds X I  and XI1 against alkali with 
that of the corresponding trifluoro compound. 
Whilst in the latter the CF3 group is converted into 
a carboxyl or carbalkoxy group,I3 the former lose 
hydrogen chloride and give 1, 1-di-(9-chlorophenyl) - 
2,2-difluoro- and -2-fluoro-2-chloroethylene (XIV, 
XV). Both olefins proved to be highly unstable; 
especially in contact with air they :ire converted 
quickly into brown polymers. The same behavior 
has been noted by Dittman and S\'rightson14 for 
the analogous l,l-diphenyl-2,2-difluoroethylene. 
The fact that I1 is stable is undoubtedly due to the 
effect of the p-methoxy groups. This may be the 
same effect which makes 1,l-di-(9-methoxypheny1)- 
ethylene stable to dimerization reactions. l5 

The ultraviolet spectra of the new carbinols 
show the longest wave length maximum a t  about 
(10) F. Bergmann and A. Kalmus, THIS JOURNAL. 76,  4137 (1954). 
(11) F. Bergmann, A. Kalmus and E. Breuer, Bull. Res. Counc. 

(12) E. Pouterman and A. Giraudet, Exper ienl io ,  2, 459 (1946). 
(13) R. Mechoulam, S. Cohen and A. Kaluszyner, J .  Ort. Chem., 21, 

(14) A. L. Dittman and J. M. Wrightson, U. S. Patent  2,705,706 

(15) 0. Schmitz-Dumont, K. Thoemke and  11. Diebold, Epr, ,  7 0 ,  

Israel, AS, 15 (1956). 

801 (1956). 

(C. A . ,  49, 13695 (1955)). 

17.5 (1937). 



250-270 m M ;  it is sometimes split into a doublet. 
Halogen in the 9-positions has a distinct, though 
weak bathochromic affect, an observation which 
has also been made in the case of the diaryltrifluoro- 
rnethylc arbinols. 

Also the infrared spectra of the tertiary carbinols 
described are fairly similar. The tertiary hydroxyl 
group absorbs a t  3G00 CIII.-~. In the acetyl deriva- 
tives, the carbonyl frequency a t  1760 an.-' is some- 
what unusual; its shift from the expected frequency 
of about 1735 cni.-l may be due to the accumula- 
tion of negative substituents in the vicinity, in the 
same way as malonic esters absorb a t  1761 ern.-' 
and ethyl trichloroacetate absorbs at  1768 cm.-1.16 
As in the case of the diaryl-(trifluoromethy1)-carbi- 
nols76 there is no indication of internal hydrogen 
bonding. The biological properties of the sub- 
stances described here will be reported elsewhere ; 
the compounds have not shown any significant in- 
secticidal properties. 

Experimental 
Difluoromethyl-diarylcarbinols (I).-To the Grignard 

solution, prepared from 0.1 mole of the aryl bromide in 50 
ml. of ether, a solution of ethyl difluoroacetate (0.05 mole) 
in ether (25 ml.) was added at 0" and with vigorous agita- 
tion. The reaction mixture was cooled in an ice-salt mix- 
ture and decomposed by the slow addition of a saturated 
aqueous solution of ammonium chloride. The clear super- 
natant layer was decanted from a little sludge and the 
latter treated with a small amount of dilute hydrochloric 
acid, which was then extracted with ether. The combined 
ethereal layers were washed with sodium bicarbonate 
solution and water and dried with sodium sulfate. After 
removal of the solvent, the product was fractionated under 
reduced pressure. The crude carbinol fraction was dis- 
solved in light petroleum ether and chromatographed on 
activated alumina, an ether-petroleum ether mixture 
(1:4) serving as  the eluent. The fraction containing the 
carbinol was redistilled under reduced pressure. The 
carbinols gave a strong red-violet color with concentrated 
sulfuric acid. Their properties are summarized in Table I .  

loss (30 g.) had taken place. The solution was distilled 
without further treatment and gave 13 g. (30%) of ethyl 
clilorofluoroacetate, b.p. 128-130", ~ Z O D  1.3913. 
Fluorochloromethyl-di-(p-chloropheny1)-carbinol (III).- 

To the Grignard solution prepared from 2.4 g. of magnesium 
and 24 g .  of p-cliloroiodobenzene, an ethereal solution of 
5.63 g. of ethyl chlorofluoroacetate was added a t  0' within 
2 hr. The mixture was kept a t  room temperature for 2 
hr. and decomposed by addition of 10 g. of ammonium 
chloride in ice-water. Tlie aqueous layer was extracted 
with ether, and the combined ethereal solutions were 
washed with sodium thiosulfate solution and water and dried. 
The carbinol boiled a t  140-144" (0.15 mm.); it  was a 
yellowish oil of n z l ~  1.4763; ultraviolet spectrum in alcohol 
(log e )  : 

Anal. Calcd. for Cl4I-I1oCl3FO: C1, 33.0; F ,  5.9. Found: 
C1, 33.3; F, 5.8. 

Ethyl Difluorochloroacetate.17-A mixture of difluoro- 
chloroacetic acid (General Chemical Division, Allied 
Chemical and Dye Corp., Morristown, K. J.,) (56 g.), 
absolute ethanol (46 nil.) and concd. sulfuric acid (20 nil.) 
was heated on the water-bath for 2 hr. The layers were 
separated and the organic layer was washed twice with 
water. The acid layer then was added to  the aqueous 
washings, whereupon a further quantity of ester separated. 
The combined portions of the crude ester were dried over 
phosphorus pentoxide and distilled in a Vigreux column; 
b.p. 96-97.5", yield 62 g. (78.5%)' a3'D 1.3525, d3O30 1.2471; 
M R  calcd. 27.43, found 27.45. 

Ethyl dichloroflu~roacetate~~~ was prepared by the same 
procedure from dichlorofluoroacetic acid (General Chemical 
Division, Allied Chemical and Dye Corp., Morristown, 
N. J.) (74 g.); b.p. 130-13Z0, yield 76 g. (869;/0), n 3 0 ~  
1.4002, d3Oa0 1.307; M R  calcd. 32.02, found 32.46. 

Difluorochloromethyldiphenylcarbinol (IV, X = H) .- 
To a boiling Grignard solution, prepared from niagneiiurn 
(6 g.) and bromohenzene (39.2 g.) in ether (200 nil.), :I 
solution of ethyl difluorochloroacetate (15.9 g.) in ether 
(60 ml.) was added, dropwise and with stirring, \ritliiii 20 
minutes. The heating was continued for another 10 minutes 
and the solution decomposed with ice and hydrochloric acid. 
The carbinol (IV) distilled a t  130-160" (8 xnm.), solidified 
and was recrystallized from petroleum ether; yield 15 g. 
(56%), m.p. 78-79'. Ultraviolet spectrum in alcohol: 
(log e):  259 mp (2.58), 263 nip (2.52). 

226 inp (4.27), 256-266 m p  (3.17). 

Anal. Calcd. for C14H11F2C10: C, 62.7; I € ,  4.1. Fouiid: 
C, 62.3; H, 4.2. 

TABLE 1 
(DIFLUOROMETHYL)-DIARYLCARBINOLS, (~ -XC~H~)ZC(OH)CHFZ 

Analysis U.V.  spectrum, 
n.p. Yield, Carbon, % Hydrogen. Yo mp (log 4 

2; OC. hlm. n16D 75 Calcd. Found Calcd. Found (in alcohol) 

210 (4.10) 
H 120 0.16 1.5620 48 71 .8  71.6 5 . 1  5 . 1  254 (2.70) 

258 (2.74) 
225 (4.45) 

C1" 140 0.03 1.5783 27 55 .5  55.6 3 .3  3 . 5  260 (2.94) 
205 (2.94) 
230 (4.45) 

Brb 150 0 .01  1.6030 25 250-260 (3.38) 
a Calcd.: C1, 23.4. Found: C1, 23.2. * Calcd.: F, 9.7. Found: F, 9.6. 

1 ,l-Di-(p-methoxyphenyl)-2,2-difluoroethylene (XI).-The The acetate was prepared by heating the carbinol (1 9.) 
reaction with p-rnethoxyphenylmagnesium bromide, carried with acetic anhydride ( 5  ml.) and sulfuric acid (2 drops) 
out as above, gave-after distillation under reduced pres- for 4 hr. at 100". After hydrolysis of the excess of acetic 
sure (123-125' (0.001 mm.))-a solid product of m.p. anhydride with water, extraction with ether, evaporation 
54.5-55.5 CY. of the solvent and recrystallization from methanol, the 

acetate was obtained as colorless prisms, m.p. 82-mo0, 
yield 0.7 g. (61%); ultraviolet spectrum 264 mp (log e C, 69.5; H ,  5.1. - ̂ . \  

Anal.  Calcd. for C16H,rFz02: C, 69.6; H,  5.1. Found: 

Ethyl chlorofluoroacetate was obtained by the method of 
Young and Tarrant' or-in 30% yield-by the chlorination 
of ethyl fluoroacetate with sulfuryl chloride in the presence 
of benzoyl peroxide. 

The mixture of 31.8 g. of ethyl fluoroacetate, 53.6 g. of 
sulfuryl chloride, 150 ml. of carbon tetrachloride and 0.1 g. 
of benzoyl peroxide was refluxed until the expected weight 

(16) E. J. Hartwell, R. E. Richards and 11. W. Thompson, J .  
Chetn .  S o c ,  1436 (1048). 

Z.04). 
Anal. Calcd. for C1sHlaC1F2O2: C, 61.0; H, 4.2. 

Found: C, 61.7; H, 4.5. 
Dichlorofluoromethyldiphenylcarbinol (V, X = H).- 

The carbinol V was obtained analogously from ethyl di- 
chlorofluoroacetate (17.5 g.), magnesium (6 g.) and bromo- 
benzene (39.2 g.). It distilled as a heavy yellowish oil a t  

(17) Cf. F. Swartn, Cirem. Cepifv., 67, I, 1237 (19OG); 68, 11, 581 (1007). 
(17a) 17. S m r t s ,  Bxil. SOC. chi7n. France, 131, 13, 992 (1898). 
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14C-145' (2 mm.) and could not be induced to crystallize; 
yield 15 g. (52%), na0D 1.5821, dam 1:342; M R  calcd. 71.06, 
found 70.78: ultraviolet spectrum in alcohol (lop: e): 254 
nip (3.12). 

Anal. Calcd. for CI;H~IC~ZFO: C1, 25.0. Found: 
C1, 24.6. 

The acetate was obtained as described above, m.p. 78- 
79', yield 65%; ultraviolet spectrum 257 mp (log e 2.53). 

Anal. Calcd. for CleH13CLF02: C, 58.7; H,  4.0. Found: 
C,  58.2; H,  4.1. 

Reaction of p-Chlorophenylrnagnesium Bromide and 
Ethyl Difluoroch1oroacetate.-To the solution prepared 
from magnesium (5.3 g.) and p-chlorobromobenzene 
(42.2 g.) in ether (200 ml.), toluene (100 ml.) was added 
and the ether distilled off a t  90-100'. The ester (15.85 9.) 
in toluene (60 ml.) was then added to the hot mixture, drop- 
wise and with stirring, within 15 minutes, and the heating 
continued for another 15 minutes. After decomposition of 
the mixture with ice and hydrochloric acid, removal of the 
solvents and distillation in vacuo, the main product proved 
to be 4,4'-diclilorobiphenyl; the desired carbinol could not 
be separated in pure form, though the crude reaction 
product gave the typical color reaction with concentrated 
sulfuric acid. 
w,w-Difluoro-w,p-dichloroacetophenone (VI).-A solu- 

tion of difluorochloroacetic acid (32.6 g.) in ether (70 ml.) 
was added a t  10-15' to a Grignard solution, prepared from 
p-chlorobromobenzene (144 g.) and magnesium (18 9.) 
in ether (300 ml.), during 90 minutes. After decomposition 
with ice and hydrochloric acid and removal of the solvent, 
the reaction product was fractionally distilled in vacuo; 
the ketone VI distilled a t  110-125' (25 mm.) and upon 
redistillation a t  211-213" (760 mm.); yield 35 g. (63%), 
n30~ 1.5241, d% 1.445; M'R calcd. 45.37, found 47.60; 
ultraviolet spectrum in ethanol (log e): 222 mp (4.00) 1263 
mp (3.03); infrared spectrum: YC-o 1710 cm.-l. 

Anal. Calcd. for CsH4ClZFzO: C, 42.7; H, 1.8. Found: 
C, 42.5; H, 2.0. 

I t  is well knowni* that the halogen in a-halogenoketones 
raises the frequency of the carbonyl group (for liquid 
acetophenone, vc-0 is 1682 cm.-l). Neither in this case 
nor in those of VI1 or of p-chloro-w-fluoroacetophenone have 
we observed doublets (a t  about 1700 and 1682 cm.-l) 
as reported, e.g., for w-chloro- and w,w-dichloroacetophe- 
none by Bellamy, Thomas and Williamsl~ and ascribed to 
rotational isomers of the compounds. On the other hand, 
the observation'Q," has been confirmed that in such a- 
halogenations only the first halogen has a major effect on 
the location of the carbonyl frequency. 

w-Fluoro-w,w,p-trichloroacetophenone (VII).-The ke- 
tone VI1 was prepared from dichlorofluoroacetic acid 
(37 g.), p-chlorobromobenzene (144 g.) and magnesium 
(18 g.). I t  distilled a t  110-130' (9 mm.) and upon redis- 
tillation, a t  245-250' (760 mm.); yield 24 g. (38%), n% 
1.5522, dm8o 1.450; M R  calcd. 50.21, found 52.96; ultra- 
violet spectrum (log e): 221 mp (4.04), 257 mp (2.32); 
infrared spectrum: vc-0 1700 cm.-'. 

Anal. Calcd. for CsH4CIxFO: C1, 44.0; Found: C1, 
43.8. 

Difluorochloromethyl-di-( p-chloropheny1)-carbinol (IV, 
X = a ) . - A  solution of VI (16 g.) in ether (50 ml.) was 
added, dropwise and with stirring, to a boiling Grignard 
solution prepared from p-chlorobromobenzene (15.5 g.) 
and magnesium (1.9 8.) in ether (100 ml.), over a period of 
15 minutes. The heating was continued for 10 minutesand 
the mixture decomposed with ice and hydrochloric acid. 
Part of the ketone (2.5 g.) was recovered unchanged; 
the desired carbinol (IV, X = C1) distilled a t  175-178' 
(2 mm.) as a colorless oil, yield 7 . 5  g. (24%), @D 1.5750; 
dZ22? 1.548; M R  ralcd. 76.41, found 76.53; ultraviolet 
spectrum in alcohol (log e): 226 mp (4.20); 266 mp (2.88). 

Anal. Calcd. for CMHBCIIF~O: C, 49.8; H,  2.7. Found: 
C, 50.3; 11, 3.1. 

(18) R. N. Jones and C. Sandorfy in "Chemical Applications of 
Spectroscopy," Interscience Publishers, Inc., New York, N. Y., 1916, 

(19) L. J. Bellamy, L. C. Thomas and R. L. Williams, J .  C h e w  Soc., 

(20) R. S. Rasmussen and R. K. Brattain, THIS JOURNAL, 71, 1073 
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The acetate, prepared as described above, had m.p. 78- 
79', yield 72%; ultraviolet spectrum: 227 mp (4.23), 
264 mu (2.66). 

Anal.' Caicd. for ClsHi1Cl3F2O~: C, 50.6; H, 2.9. 
Found: C, 50.7; H, 3.1. 
Dichlorofluoromethyl-di-(p-chlorophenyl)-carbinol (V, X 

= Cl) was prepared from a solution of VI1 (10 g.) in ether 
(50 ml.) and a Grignard solution, prepared from p-chloro- 
bromobenzene (15.5 9.) and magnesium (1.9 g.) in ether 
(150 ml.). It distilled a t  190-195' (2 mm.) and solidified 
spontaneously. By recrystallization from petroleum ether, 
waxy prisms of m.p. 79-80' were obtained, yield 9.5 g. 
(60%); ultraviolet spectrum in alcohol (log e): 230 mp 
(4.14), 260 mp (2.84), 265 m p  (2.86). 

Anal. Calcd. for C14H&!l4FO: C, 47.5; H,  2.6. Found: 
C, 47.7; H, 2.7. 
The acetate melted a t  100.5-101.5', yield 72%. Anal. 

Calcd. for CI~HI~CI~FOZ:  C, 48.5; H,  2.8. Found: C, 
48.6; H ,  3.0. 
1,1-Di-(p-chlorophenyl)-2-fluoroethanol (VIII) .-To an 

ice-cold Grignard solution, prepared from magnesium 
(6.9 g.) and p-chlorobromobenzene (57.5 9.) in ether (150 
ml.), a solution of ethyl fluoroacetate (17. g.) in ether (150 
ml.) was added within 20 minutes. This was followed 
immediately by a cold saturated solution of ammonium 
chloride in water. The organic layer was separated, 
washed and filtered with the help of filter-aid and evapo- 
rated. The solid residue was recrystallized from methanol. 
Thus 4,4'-dichlorodesoxybenzoin (IX) (4 g.), m.p. 113- 
114', was obtained; it was identified by its mixed m.p. 
with an authentic sample. The methanolic mother liquor 
was evaporated and the residue distilled in vacuo. 1,l-Di- 
(p-chlorophenyl)-2-fluoroethanol (VIII) boiled a t  173-176' 
(2 mm.). It solidified and ,was recrystallized from petro- 
leum ether; m.p. 75-76', yield 24.6 g. (58%); ultraviolet 
spectrum in alcohol (log e): 226 mp (4.24), 266 mp (2.60), 
275 mp (2.44). 

Anal. Calcd. for C14HllC12FO: C, 59.0; H, 3.9. Found: 
C, 59.5; H ,  4.0. 

1,1-Di-(p-chlorophenyl)-2-fluoroethylene (X).-The mix- 
ture of VI11 (1 9.) and concentrated sulfuric acid (20 9.) 
was kept for 12 hr. a t  room temperature. By  addition of 
ice, extraction with ether, evaporation of the solvent and 
recrystallization of the solid residue from methanol, 0.5 g. 
(53%) of X was obtained, m.p. 79-80'; ultraviolet spec- 
trum: 240 mw (log e 4.22); infrared spectrum (KBr pellet): 
3500, 3000, 1640, 1500, 1400, 1178, 1088, 1070, 1015, 925, 
840, 830, 822, 765, 705 cm.-l. 

Anal. Calcd. for C14HeC12F: C, 63.0; H, 3.4; C1, 
26.6. Found: C,63.4; H,3.2; C1,26.0. 

When the carbinol VI11 (2 g.) was refluxed with acetic 
anhydride (10 ml.) and concentrated sulfuric acid (2 drops) 
for 3 hr., the ethylene X was obtained in 80% yield. 

Oxidation.-The ethylene X (1 9.) was refluxed with 
chromic acid (2 g.) in glacial acetic acid (10 ml.) for 30 
minutes. By addition of water, extraction with ether, 
evaporation of the solvent and recrystallization of the resi- 
due from ethanol, 4,4'-dichlorobenzophenone (0.5 9.) 
was obtained. It was identified by its melting point and by 
a mixed melting point with an authentic sample. 

1,l'-Di(p-chloropheny1)-ethane.-The carbinol VI11 (1.5 
g.) was refluxed in glacial acetic acid (10 ml.) with red 
phosphorus (0.6 g.) and iodine (0.25 g.) for 30 minutes. 
Water (0.1 ml.) was added and the heating continued for 
48 hr. The product was diluted with water, extracted with 
ether and the extract washed with a solution of sodium 
thiosulfate and water. Evaporation of the solvent and 
recrystallization cf the residue from methanol gave 1,l- 
di-(p-chloropheny1)-ethane (0.7 g., 54%), identified by its 
melting point (54-55") and by the mixed melting point with 
an authentic sample. 
p-Chloro-w-fluoroacetophenone.-Finely divided alumi- 

num chloride (250 9 . )  and subsequently a solution of fluoro- 
acetyl chloride (80 9.) in ethylene dichloride (300 ml.) 
was added to 1 1. of ethylene dichloride with vigorous 
agitation which was continued for 30 minutes. The dark 
solution was decanted into a three-necked flask, cooled a t  
0" and a mixture of chlorobenzene (90 9.) and ethylene 
dichloride (75 ml.) added dropwise, with stirring, within 
20 minutes; stirring was continued for 15 minutes and the 
mixture poured onto ice and hydrochloric acid. The 



orgaiiic: layci- wa:, acyarated, washed with water and sodium 
bicarbonate solution and dried. p-Chloro-w-fluoroaceto- 
phcnotie distilled a t  115-119" (8 mm.) and crystallized 
immediately as plates, m.p. 51-55" (from aqueous ethanol), 
yicld 7'7 g. (52%). This ketone also has been described by 
Herginarm, Kalmus and Breuer," wlio also have carried out 
t lie reduction with lithium aluminum hydride, described 
l~clow; ultraviolet spectrum: 255 mp (log e 4.25); infrared 
hpcctruni (KBr pellet): ~ c - 0  1700 cm.-'. 

.4nul. Calcd. for CaHsClFO: C, 55.8; H,  3.5. Found: 
C ,  55.7; H,  4.5. 
l-(,b-Chlorophenyl)-2-fluoroethanol.--To ail ice-cold solu- 

tion of lithium aluminurn hydride (1  .5 g.) in anhydrous 
yther (80 nil.). a solution of p-chloro-w-fluoroacetophenone 
(12 9.) in ether (FjO ml.) was added during 90 minutes. 
:Ifter 10 minutes, the mixture was decomposed with a 
d u t i o n  of sulfuric acid ( i  i d . )  in 30 ml. of ice-water, and 
the ethereal layer separated, washed and dried. l-(p- 
Chlorophenyl)-2-fluoroethanol diqtilled a t  124-134' (8 mm.) 
;is a colorless oil; yield 11 g. (SOY&), n% 1.5398; infrared 
qpectrum: 3400, 1500, 1100, 1010, 900, 830 and 750 cm.-I. 

r l ~ z a l .  Calcd. for CgHsOClF: C, 55.2; H ,  4.6. Found: 

l,l-Di-( p-chlorophenyl )-2-fluoroethane (XIII) .-To an ice- 
cnld mixture of l-(p-chlorophen~-l)-2-fluoroethanol (2 g.) 
and chlorobenzene (5  g.), a mixture of concentrated 
iulfuric acid (20 ml.) and fuming sulfuric acid (4 ml.) 
was added dropwise. The reaction mixture was shaken 
~i~echanirally for 2 hr.,  then poured onto ice and extracted 
with ether. The ethereal solution was washed, dried, 
cvaporated and the product distilled in vacuo. It boiled 
a t  1.55-165' (2 mm.) and solidified spontaneously; from 
triethanol, m.p. 54-55', yield 1 g. (327 , ) .  

,41zal. C:ilcd. for Clr1I1,Cl2F: CI, 26.3. Pound: C1, 
L'Ci.0. 

Reaction with Alkali.-The ~(J I l lp~~l l ld  XI11 (0.3 g . )  
\v;ts refluxed with 1 iT methanolic potassium hydroxide 
i,)!utitrri ( 5  i d . )  for 1 hr., hydrochloric acid (2 ml.) and 
\rater (311 nil.) :Added and the product extracted with ether. 
Tilt ether residue was recrystallized from methanol (0.2 9.)  
:tnd melted at 81-85'. It was identified as 1,l-di-(p-chloro- 
phenyl)-ethylene by comparison with an authentic sample; 
infrared spectrum: 3400, 1600, 1500, 1420, 1190, 1120, 
1085, 1018,970,855,825,790, 725 cm.-'. 

Difluorochloromethyl-p-chlorophenylcarbino1.--.I solu- 
tion of the ketone \'I (11.3 g.) in ether (30 ml.) was added, 
rlropxvise, t u  a well-stirred ice-cold suspension of lithium 
alumilium hydiide (1.5 g.) in ether (50 ml . ) .  An ice-cold 
mixture of sulfuric acid (10 ml.) and water (50 ml.) was 
;iddetl cautiously, the ethereal layer separated, washed with 
water and concentrated and the residue distilled in vacuo; 
b:p. 11.5-120" (10 mni.), colorless liquid, n% 1.5144, 
yield 9 g. (80%). 

c, 5 5 . 5 ;  H, 4.7. 

Anal. Calcd. for CBH~CI~F~C): C,  4 2 2 ;  1 1 ,  2.7. I;ouii(l: 
C, 42.4; H, 2.8. 

Dichlorofluoromethyl-p-chlorophenylcarbinol.-Tlie kt-  
tone VI1 (4 9.) it1 ether (15 in\.) \vas reduced Lvith lit!iiuiii 
aluminuni hydride (0.5 g.) in ether (2i) nil.).  7 ]:e protiiict 
distilled a t  120-12*5" (2 min.) :is 21 co1trrlt:is liquid, P:i 
1,543, yield 3.5 g. (87y0); infrared spcctruni: 3500, l i i 0  
1400, 1200, 1085, 1010,  920, 870-280, i;:?n, 795, 771, 71 
ci11.-1. 

d m l .  Calcd. for C',I-TtCI:FO: CI, 43.7. I ~ o t i n ~ ! :  C!. 
43.4. 

1 ,l-Di-(p-chlorophenyl)-2,2-difluoro-2-chloroethane (XI). 
-To a well-stirred mixture of chlorobenzelie (1.5 g . ) ,  
concentrated sulfuric acid (10 ml.) and 30% fullling siil- 
furic acid (3 inl.), was added, slowly and with cooling. 
p-chlorophenyldifluorochloroinethylcarbinol ( 5  g .  ). T h y  
mixture was then shaken for <5 hr., added to cruahed ice anti 
extracted with ether. ;Ifter removal of the ether aiid excess 
chlorobenzene by distillation, the ethane S I  distilled a t  
160-165" (2 mm.) ,  yield 6 g. (S570). The product solidi- 
fied; after recrystallization from methanol, it mclted at 
54-55'; ultraviolet spectrum: 228 inp (4.20); 260 ii:p 
(2.60); 267 mp (2.02); infrared spectrum ( K n r  pellet): 
1.500, 1400, 1210, IlT(1, 1090, 101.5, 962, 765 C I T I . / ' .  

Anal. Calcd. for C j ~ I 1 9 C l a l ~ ~ :  C ,  52.3; 11, 2.8.  i ~ ~ ~ i i r i r l :  
c ,  52.1; H, 2.9. 

Reaction with Alkali.--Tlw coinpouiid S I  (1 g. j \ v x  
refluxed for 1 hr. with 1 :Ir mcthanolic pota 
(20 ml.). \Vater \vas added and the m 
with ether. After removal of the solvent, 1,l-di-(p-chloro- 
phenyl)-2,2-difluoroethylene (XIV) distilled :it 1B5--l(>Ro 
(2 nun.), yield 0.7 g .  (79%), ~ 2 %  1.5732. The sub- 
stance was so unstable thnt only approximate analyses could 
be obtained. Horyever, the spectrum indicated (see above) 
that the compound had structuie XIV; ultraviolet spc,ctruiii 
(isooctane): 228 mp (4.46); '75.5 nip (4.06). 

1 , 1-Di-( p-chlorophenyl)-2,2-dichloro-2-fluoroethane (XI11 . 
-Condensation of p-chloroplien~ldichlorofluoroi~~eth~lcar- 
biuol (2.5 9.) and clilorobenzene 12 g.) in the pi-esence of 
concentrated sulfuric acid ( 5  nil.) and 2OY0 fuming sulfuric 
acid( l .5inl . )gaveXII  (2g . ,  57%); b.p.  120--185" (2nirn.i.  
1n.p. after recrystallization froin methailol 78-79'; ultra- 
violet spectrum (log e ) :  232 mp (4.26), 260 nip (2.74). 
267 mp (2.76); infrared spectrum (KRr pellet): Ir ini i ,  
1400,1120,1090, 1015,840,81U, 780 cm-I .  

Anal. Calcd. for Cl~H9Cl;F: C, 19.8; 13, 2.7 .  F o u ~ i t l :  
C, 50.4; IT, 2.8. 

Reaction with Alkali.--Cpon alkaline hydrolysis of tlie 
ethane XI1 (0.75 g.)  as described above, 1 ,I-di-(p-chloro- 
phenyl)-2-chloro-2-fluoroethylene (XV) ( 0 3 5  g . ,  85%) 
was very probably obtained. It distilled at 16~j-lfX" 
(3 mm.) as a colorless but nnstahle oil, of n*% 1.60.59. 
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w-Fluoroacetophenone. 111. Reaction of Fluoroacetyl Chloride with Halobenzenes. 
On the Mechanism of Side-chain Chlorination by Sulfuryl Chloride 

BY FELIX BERGMANN, ABRAHAM KALMUS AND ELI BREUER~ 
RECEIVED FEBRUARY 8, 1957 

The synthesis of w-fluoroacetophenone has been extended to halobenzenes. The mechanism of side-chain chlorination of 
these ketones by sulfuryl chloride has been studied and a reaction scheme proposed. 

The synthesis of a-fluoroacetophenone (I), which 
was described previously,* was based on the obser- 
vation that prolonged contact of I with aluminum 
chloride is responsible for halogen exchange, pro- 

ducing o-chloroacetophenone (11). Short reaction 
periods are required to  secure sizable yields of I .  
It remained uhdecided, however, whether the same 
type of exchange proceeds with fluoroacetyl chlo- 
ride, prior to condensation. This possibility was 
tested by treating the latter with the Friedel- 
Crafts catalyst in methylene chloride a t  room tem- 

(1) Part  of a M.Sc. thesis, submitted to the Faculty of Science, The 
IIebrew University, Jerusalem, 1957. 

( 2 )  F. Bergmann and A. Kalmui;, THIS JOURNAL, 16, 4137 (1954). 


