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NOTES 
- 

The Preparation of Phenylperfluoroalkylmethyl 
Bromides' 

BY RALPH L. DASNLEY, JOSEPH R.  WESCHLER A N D  GEORGE 
R .  JACKSON, JR .  

RECEIVED JAXUARY 12, 1955 

In  the course of an attempted synthesis of per- 
fluoroalkylbarbiturates, it  became necessary to con- 
vert phenylperfluoroalkylcarbinols to the corre- 
sponding bromides. As perAuoroalkylcarbinols are 
quite acidic,2 the replacement of the hydroxyl 
group by halogen is difficult. For example, it  has 
been found3 that treatment of 1,l-di [Hlperfluoro- 
alcohols with either phosphorus tribromide or 
phosphorus trichloride produces major yields of 
phosphite esters instead of the desired halides. A 
method has been reported4 for conversion of 1,l- 
di [H ]perfluoroalcohols to the corresponding bro- 
mides by formation of the 9-tosyl esters and de- 
composition of these esters with a diethylene glycol 
solution of lithium bromide. Over-all yields of 55 
to  65% were given for this two-step process. 

In the present work, it has been found that al- 
though the phenylperfluoroalkylcarbinols give neg- 
ligible quantities of the corresponding halides by 
conventional treatment with anhydrous hydrogen 
bromide, phosphorus tribromide and similar rea- 
gents, reaction with phosphorus pentabromide in a 
sealed tube a t  165' gives 38 to 55% yields of the 
desired products. Thus a one-step synthesis is 
practical. However, as the dissociation of phos- 
phorus pentabromide is appreciable a t  this temper- 
ature despite the accompanying increase in pres- 
sure, the method is applicable only to compounds re- 
sistant to the action of bromine. 

Additional work with these bromides was aban- 
doned since a variety of methods5 for conversion to 
the Grignards and carbonation to the correspond- 
ing acids proved unsuccessful. In each instance, 
partial recovery (30 to 50yo) of the bromides was 
obtained, while the remainder of the material was 
converted to unidentified neutral products. 

Experimental 
Phenylperfluoroalkylcarbino1s.-These compounds were 

prepared by the reaction of phenylmagnesium bromide 
with the ethyl esters of the appropriate perfluoro acids.6 

Reaction of Phenylpentafluoroethylcarbinol with Phos- 
phorus Pentabromide.-Twenty grams (0.09 mole) of 
phenylpentafluoroethylcarbinol and 24.5 g. (0.057 mole) 
of phosphorus pentabromide were sealed in a Carius tube 
and heated in an oil-bath for 18 hours a t  a temperature of 
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165". The tube was then cooled, opened and the reaction 
mixture poured into a large excess of water. The oil layer 
was separated and washed twice with concentrated sulfuric 
acid. The sulfuric acid-insoluble layer was then washed 
with water and dissolved in ether. The ether solution was 
washed with water and dried with Drierite. The ether 
was distilled a t  atmospheric pressure and the residue 
distilled in vacuo through a Todd column to give 14 g. 
(55% yield) of 1-bromo-2,2,3,3,3-pentafluoro-l-phenylpro- 
pane, b.p. 55.5' (7 mm.), nz6~  1.4548. 

Anal. Calcd. for CeHBBrFb: C,  37.39; H, 2.09. Found: 
C, 37.50; H, 2.27. 

1-Bromo-2 ,Z ,2-trifluoro-l-phenylethane .-This corn- 
pound, b.p. 49" ( 5  mm.), n z 5 ~  1.4855, was prepared in 38% 
yield by the procedure already described. 

Anal. Calcd. for CsHaBrFI: C, 40.18; H. 2.53. Found: 
C, 40.52; H, 2.90. 

1-Bromo-2 ,Z ,3,3,4,4,4-heptafluoro-l-phenylbutane .- 
This compound, b.p. 74" (10 mm.), ~ * S D  1.4358, was pre- 
pared in 47% yield by the same procedure. 

Anal. Calcd. for CloHsBrF,: C,  35.42; H, 1.78. Found: 
C, 35.63; H, 2.21. 
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Esterification of Glycols by Acids in the Presence of 
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The preparation of monoesters of glycols and gly- 
cerol in good yield by direct esterification is very 
difficult because of the tendency to get complete 
esterification even though a large excess of the gly- 
col is used. The glycols are poor solvents for the 
fatty acids and consequently the reaction proceeds 
slowly. The monoesters, once formed, are more 
readily miscible with the acid and therefore react 
more rapidly than does the glycol resulting in the 
formation of diesters before all of the glycol is 
consumed. 

Attempts to prepare monoesters of diethylene 
glycol using sulfuric acid or toluenesulfonic acid as 
catalysts have not been very successful even when a 
large excess of diethylene glycol was used. As part 
of this investigation cation exchange resins (poly- 
styrene sulfonic acids) were used as catalysts and 
were found to give improved yields of monoesters. 
Most of the experiments were carried out in the 
presence of relatively large amounts of toluene to 
control the reaction temperature and to remove the 
water of reaction continuously as the azeotrope. 
The acids esterified with diethylene glycol included 
lauric, oleic, benzoic and 2,4,5-trichlorophenoxyace- 
tic. 
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-4 general procedure for the esterification of diethylene 
glycol with fatty acids is as follows: One mole of the acid 
ancl 1 to 12 moles of diethylene glycol were placed in a flask 
iyith about 7.5 to  15 g. of a sulfonated polystyrene resin 
(Amberlite IR-120) per 100 g. of acid and 200-300 nil. of 
toluene. The mixture was refluxed from 4 to 18 hours with 
the removal of water, as the toluene azeotrope, as fast as 
formed. In most cases thc rcflux time was 10 to 18 hour\. 
The pot temperature for these esterificatioiis rcinainctl a t  
130 to  150'. At the end of the reflux period the resiii ~ X S  

removed by filtration and the esters separated by fractional 
distillation a t  reduced pressure. The purity of the esters 
'ivaq checked by the determination of the saponification and  
hydroxyl numbers. 

For example, the observed saponification value for diethyl- 
ene glycol monolaurate was 274 compared with a calculated 
value of 288. The hydroxyl value was 6.0 compared with a 
mlculated value of 5.9. The purity of the trichlorophen- 
ouyacetic ester also was checked by a detcrinination o f  t h e  
chlorine content (calcd. C1, 31 .O; found C1, .?I. 

Discussion of Results 
The experimental data are summarized in Table 

I. In all cases, significantly better yields of mono- 
esters were obtained than when sulfuric or toluene- 
sulfonic acids were used as catalysts. Thus, when 
a 1-to-1 mole ratio of lauric acid and diethylene gly- 
col was used, a 24% yield of the monoester was ob- 
tained. However, when toluenesulfonic acid was 
substituted for the resin, with all other conditions 
held the same, the maximum yield of monoester 
was a little less than 10%. Excellent conversions 
to monoesters were obtained with a mole ratio of 
glycol to acid of 6 to 1. Essentially quantitative 
conversions of the monoester were obtained with 
mole ratios of 12 to 1. 

TABLE I 

DIETHYLENE GLYCOL 
CATION EXCHANGE RESIN CATALYZED ESTERIFICATIONS O F  

Moles Cata- 
glycol lysta Conversion of 

per g .  per Reacn., acid to  
mole 100 g. Temp., time, Mono- Di- 

Acid acid acid 'C. hr. ester ester 

Lauric 1 7 . 5  140 18 24 71 
Lauric 4 15.5 130 10 71 21 
Lauricb 4 12.5 180 1 . 5  67 33 
Lauric 6 7 . 5  140 18 86 11 
Lauric 12 15.0 132 18 Quant. , , 

Oleic 12 10 .6  140 18 Quant. . .  
Stearic 12 8 . 9  150 18 Quant. . .  
2,4,5-Trichlorop he- 

iioxyacetic 12 13 .7  130 4 . 5  70 , . 
Benzoic 2 24.6 140 4 75 . . 

a Amberlite IR-120. 
used as a solvent. 

b High-boiling petroleum naphtha 
I n  all other cases toluene was used. 

Although most of the esterifications were carried 
out for 18 hours, essentially as good conversions can 
be obtained in shorter time. This is indicated in 
the first three experiments in Table I in which the 
reaction time was decreased to 1.5 hours by chang- 
ing the amount of catalyst or the reaction tempera- 
ture without appreciably changing the total con- 
version. The resins were used for successive reac- 
tions and no loss in the reactivity was observed 
even a t  temperatures of 180'. Temperatures of 
130-140' are to be preferred, however, because the 
resins are known to lose their activity slowly a t  
temperatures not much higher than 180'. It was 
observed that when a petroleum naphtha was used 
as n solxwit, 1ii;;hcr temperatures were achieved ancl 

the ratio of mono- to diester was somewhat less 
favorable. 

In additioii to iiicreasiiig the yield of nioriocstrrs 
relative to the diesters, the use of cation exchange 
resins as catalyst offers some other advantages over 
conventional acid catalysts. The resins can be re- 
nio\ r d  lm filtratioii or ticc,int,Ltioii 50 that tlicrc 
is 1 1 0  problem of neutralization or otherwise reiiio\= 
ing thc acid catalvst before working up the product 
Sulfuric acid, when used as a catalvst, tends to form 
colored substances which are difficult to remove, $0 

that it is difficult to obtain a clear, water-white 
product. X o  color is produced when cation ex- 
change resins are used as the catalyst. The cation 
euchange resins can be re-used and might lent1 then-  
selves to  continuous operations in which the  re:^ 

tions could be carried out in packed columns. 
Some work has been done using other glycols and 

glycerol which indicates that the increased yields 
of monoesters is possible with all dihydric and poly- 
hydric alcohols. 
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Previous papers from this Laboratory2 have dem- 
onstrated the high stereospecificity of the reactions 
of cholesteryl Grignard reagents with compounds 
containing the carbonyl group. Although in the 
last paper of this series we assigned the a-configura- 
tion to these products, subsequent work by Corey4 
and by Sh0ppee~3~ show this assignment to be erro- 
neous. 

With the one exception of oxygen6*' the only rea- 
gents previously studied in reactions with choles- 
teryl Grignard reagents have been those containing 
carbonyl groups. The non-stereospecificity of the 
oxygenation reaction is unique and it was of inter- 
est to study other reagents which contain no car- 
bonyl groups. 

Some of the reagents we worked with, ethylene 
oxide and 0-methylhydroxylamine, gave little or 
no products; others, iodine and sulfur, gave some- 
what better but still unsatisfactory yields and the 
only identifiable products were of p-configurations. 
Cholesterylmagnesium chloride upon treatment 
with iodine in ether gave a product which appeared 
to be a mixture of iodides, but successive stages of 
purification produced crystals which slowly liber- 
ated iodine until in the end the properties ap- 
proached those of the 3-@-iodide. The same Grig- 
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