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The reaction of sulfur tetrafluoride with aryl fluoroformates or perfluoroalkyl esters is a new, general, and 
The chemical and physical properties of these ethers 

I n  particular, the perfluoroalkosy groups are shown to possess esceptional stability as aromatic 
direct method for synthesis of aryl perfluoroalkyl ethers. 
are discussed. 
substituents. 

Aryl trifluoromethyl ethers have been synthesized 
by the reaction of hydrogen fluoride or antimony 
fluorides with aryl trichloromethyl ethers, which were 
in turn prepared by chlorination of anisoles or phenyl 
esters of chlorothiocarbonic acid.2 Although these 
methods are fairly general, the aromatic substituents 

C12 SbFa 

or HF 
ArOCH3 + ArOCCl, + ArOCF, 

or 
S 

ArOAC1 

are limited to inert groups such as nitro, halogens, and 
acid halides. A very low yield of phenyl trifluoro- 
methyl ether has been obtained along with fluorobenzene 
by the irradiation of trifluoromethyl hypofluorite 
(CF30F) in b e n ~ e n e . ~  The trifluoromethoxy group 
was shown to be stable to ‘normal chemical transforma- 
tions of the aromatic ring such as reduction of nitro 
groups, hydrolysis of nitriles, diazotization of amino 
groups, and nitration (orthepara orientation) . 2  

Potential dyes4b and pharmaceutical chemicals5 con- 
taining the 0CF3 group also have been reported. 

Aryl difluoromethyl ethers have been prepared by 
reaction of phenols with difluorocarbene generated from 
chlorodifluoromethane or dibromodifluoromethane.6 
(1) This work was reported in  preliminary form by W. A.  Sheppard, 

J .  .4m. Chem. S a c . ,  83, 4860 (1961). 
(2) (a) Ilritisli Patent 765.527 (1957); (b) L. M .  Yapupolsky, Dokl.  

Akad.  Nauk  SSSR.  106, 100 11955); Chem. Abstr . ,  50. 11270 (1956): ( c )  
N. N. Iarovenko and A.  S. Vasileva, J .  Gen. Chem. V S S R ,  28,  2539 (1958). 
(3) .J. A. C. Allison and G. H. Cady, J .  A m .  Chem. Sac. ,  81, 1089 (1959). 
(4 )  (a) I,. hf. Yagupolsky and V. I. Troitskaya, J .  Gen. Chem. C S S R .  

17, 587 (1957): (b) L. R1. Yawpolsky and hl. S. Marenets, zbid. .  27, 1479 
(1957); ( c )  L. h l .  Yawpolsky and V. I. Troitskaya, (hid. ,  31, 845 (1961). 
(5) (a )  L. M .  Yaaupolsky and V. I. Troitskaya, i b i d . .  SO, 3102 (1960); 

(b) French Patent 1,245,.552 (1960); ( c )  E. I3lank and J. F.  Kernin,  U .  S.  
Patent  3,021,368 (1962). 

(6) (a) T .  G. Miller and J. W. Thanassi, J .  07.8. Chem..  25, 2009 (1960): 
(b) R. F. Clark and J. H. Simons, J .  A m .  Chem. Soc.. 77, 6618 (1955). 

This class of a-fluorinated ethers is hydrolyzed by acid 
and decomposes on standing if not pure. Aryl tetra- 
fluoroethyl ethers are readily obtained by the base- 
catalyzed addition of phenols to tetrafl~oroethylene~ 
and appear to have stability more nearly comparable 
to that of the trifluoro- than that of the difluoroanisoles. 

Results and Discussion 

Synthesis.-The reaction of sulfur tetrafluoride8 
with aryl flu or of or mate^^ or perfluoroalkyl esters1° 
provides a general direct synthesis of aryl perfluoroalkyl 
ethers (eq. 1). The reaction was run in a “Haste1loy”- 
lined pressure vessel a t  autogeneous pressure and 

0 
l l  

ArOCX + SF, -+ ArOCF2X (1) 
X = F or Ri 

required a temperature of 160 to 175” for several 
hours with anhydrous hydrogen fluoride as catalyst. 
In most cases, the product was obtained in a yield of 
50 to 80% and was isolated by distillation in a high 
st’ate of purity aft.er removal of hyrogen fluoride with 
sodium fluoride or a base wash. Examples of this 
reaction are given in Table I. 

As a convenient procedure for the preparation of 
aryl trifluoromethyl ethers, phenols were treated with 

( 7 )  (a) D. C. England, L. R. Melby. M. 4 .  Dietrlch, and R. V. Lindsey, 
Jr.. ibid. ,  82, 5116 (1960); ib) a.~-diR~~oroperhalogenalkyl  aryl ethers,  
ArOCF2CCla, were reported by  H. Hahn, Ber.. 96, 4 8  (19631, prepared b y  
chlorination of ArOCFzCCIzH [from base-catalyzed addition of phenols to 
l , l-dichloro-2,2-diRIloroeth~l~ne, E. T. McBee and R. 0. Bolt, Ind .  E n p .  
Chem.,  39, -112 (1947); U. S. Patent 2,516,403 (1950); Chem. Abstr..  46, 2964 
(1951)l. 

(8) (a) C .  R. Tollock, F. S. Pawcett. W. C .  Smith.  and D. D .  Coffman. 
J .  A m .  Chem. Soc.,  8 2 ,  539 (1960): (b)  W. R. Hasek, W. C. Smith,  and 1’. A .  
Engelhardt, ibid., 81, 543 (1960). 

(9) H. J .  Emeleus and .J. F. Wood, J. Chem. Sac. ,  2183 (1948). 
(10) fa) R. F. Clark and J .  H.  Simons, J .  A m .  Chem. Sac . ,  76, 6305 (1953); 

(b) M.  Green, Chem. I n d .  (London), 435 (1961). 
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TABLE I 
PREPARATION OF ARYL PERFLUOROALKYL ETHERS FROM FLUOROFORMATES OR PERFLUOROALKYLCARBOXYLATES~ 

0 
I1 HF 

ArOCRr + SF4 + A ~ O C F ~ R I  

-Reactant (ester of formate), g. (mole)-- 

0 
/ I  

CeHjOCF 264 (1.89)  

0 
II 

CsHbOCF 183 (1,30)  

0 
II 

~-OZNCBH,OCF 24 (0 13) 
0 
I1 

2,4-Br&eH30CFb 20 (0 067) 
0 
I1 

CeH5OCCF3 28 5 (0 15) 
0 

23 5 (0 10) 
II 

I1 

4-OzXCeH4OCCF3 
0 

155 (0 66) 3-OzSCeH4OCCF3 
0 

22 5 (0 078) 
I /  

CeHsOC(CFz)zCF3 
0 

33 5 (0 10) 
II 

4-O&CtjH4OC( CFz)&Fa 

SF4, g. (mole) 

216 (2 .0)  

150 (1 .4)  

16 (0.15)  

8 (0.074) 

19 (0 .18)  

15 (0.14)  

86 (0.80) 

10 (0.10)  

15 (0.14) 

(Rf = F or (CF2),,F) 

HF. g. 

0 

10 

6 

3 

7 

5 

25 

7 

5 

-Yield- 
G. 

19 

213 

120 

13 

18.5 

6 . 9  

19.4 

17.8 

142 

<1.9 

1 0 . 7  

% 

6 

81 

57 

7 

69 

32 

61 

69 

83 

c 

30 
P Reactions run in "Hnste1loy"-lined pressure vessel of 140-, 240-, or 1000-ml. capacity a t  autogenous pressure. Normal heating 

Product not isolated in pure form. pattern was 2 hr. successively a t  each temperature of 100, 150, and 160 or 175'. 
Characterized by FL9 n.m.r. analysis in pentane solution. 

See ref. 18. 

carbonyl fluorideg'" in an autoclave a t  100'; without 
isolation of the fluoroformate intermediate, the sulfur 
tetrafluoride then was added, and the reaction mixture 
was heated for several hours a t  15&175'. The hydro- 
gen fluoride by-product from the carbonyl fluoride 
reaction served as catalyst for the sulfur tetrafluoride 
reaction. For example, the yield of ether from phenol 
and m- and p-nitrophenols was 60 to 80% over-all for 
the two steps. The reaction is applicable to substituted 
phenols, including hydroquinone and resorcinol, pro- 
vided that substituents on the aromatic ring do not 
react with hydrogen fluoride or sulfur tetrafluoride. 
The ethers prepared by the two-step method are 
listed in Table 11. 

Trifluoroacetate and heptafluorobutyrate esters of 
phenols were prepared from the corresponding anhy- 
dride1° or acid chloride (the latter in the presence of a 
tertiary amine), By reaction of these esters with sulfur 
tetrafluoride (hydrogen fluoride catalyst) as described 
previously, the new aryl pentafluoroethyl and hepta- 
fluorobutyl ethers were obtained. This method ap- 
pears to be general for the preparation of aryl perfluoro- 
alkyl ethers. However, the yield of ether dropped with 

(11) M W. Farlow. E. H. Mann, and C. W. Tullock, Inorg. Syn . ,  6 ,  15.5 
(1960). 4 convenient synthesis of carbonyl chloride from sodium chloride 
and phosgene in acetonitrile is described by F. S. Fawcett, C. W. Tullock, 
and D. D. Coffman, J .  Am. Chem. Soc..  84, 4275 (1962). 

increasing chain length of the perfluoroalkyl group; 
thus, p-nitrophenyl nonafluoro-n-butyl ether was ob- 
tained in only 30% yield compared to 80% and 69% 
for the corresponding trifluoromethyl and pentafluoro- 
ethyl et hers, respectively , 

Phenyl chloroformate also reacted with sulfur tetra- 
fluoride in the presence of hydrogen fluoride, but the 
yield of phenyl trifluoromethyl ether was only a few 
per cent. 

From a limited exploration of conditions, it is con- 
cluded that the temperature for the sulfur tetrafluoride 
reaction is critical. At temperatures below 150' the 
carbonyl group reacted to only a small extent, and the 
major portion of the fluoroformate or ester was re- 
covered. At temperatures over 175' the formation of 
tar increased, and the yield of ether decreased. It is 
considered likely that the main side reactions leading to 
tars are Friedel-Crafts-type condensations (see the 
subsequent discussion of by-products). The yield of 
ether was also extremely low if hydrogen fluoride was 
not used as a catalyst and in one experiment where 
titanium tetrafluoride replaced hydrogen fluoride tar 
formation became predominant. 

The amount of hydrogen fluoride generally used, 
particularly when it was present as by-product in the 
fluoroformate preparation, is greatly in excess of that 
needed as a catalyst. It is possible that the hydrogen 
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TABLE I1 
PREPARATION OF ARYL TRIFLUOROMETHYL ETHERS BY TWO-STEP METHOD FROM PHENOL# 

0 
I /  SF4 

ArOH + COF2 + H F  + ArOCF + ArOCFs 
COFz, 

g. (mole) SF4. g. (mole) 

200 (3 .0 )  270 ( 2 . 5 )  
lOO(1.5) lZO(1.1) 

-Yield- 
G.  

375-437 
68.4 

13 

6 .4  
166.4 
73.9 
12 .0  
16.2 

72.9 

28.4 

4 . 9  
22.7 
8 . 4  

13 .2  

7 .8  
10 .8  
10 .1  
7 . 7  

% 
46-62b 
56 

7 

17 
81 
76 
27 
9 

38 

58 

11 
46 
17 
27.4 

18 
18 
42 
32 

- Phenol, E. (mole) 

235 (2 .5)  
55 (0.50) 

3-C6H4( OH)z 
4-0zNCeH40R 
3-0zKCsH4OH 
4-CH3CeH4OH 
3-CH3CeHaOH 

16.5 (0.15) 
139.1 (1 .0)  
65 (0.47) 
27 (0.25) 

108 (1 .0)  

25 (0.38) 35 (0.32) 

50 (0 .75 )  SO(0.55) 
25 (0.38) 30 (0.28) 
90 (1.35) 130 (1.2) 

lOO(1.5) 120(1 .1)  

(9 CFaO 

4-ClCeHIOH 32 (0.25) 25 (0.38) 30 (0.28) 4-ClCsH4OCF3 
0 
I /  

4-ClCeHdOCF" 
3-ClCeH4OCF3 
2-ClCeHiOCF3 
4-BrCeH40CF3 

0 
/I 

4-BrCsH40CF 
3-BrCeH40CF3 
4-FC6H4OCF3 
3-FCeHdOCFs 

32 (0.25) 
32 (0.25) 
34 .6  (0.20) 

25 (0.38) 30 (0.28) 
25 (0.38) 30 (0.28) 
20 (0.30) 24 (0.22) 

3-BrCsH4OH 
4-FCeH4OH 
3-FCeH4OH 

43.2(0.25) 
15 (0.13) 
15 (0.13) 

35 (0.14) 

25(0 .38)  32(0 .30)  
15 (0.22) 17 (0.16) 
15 (0.22) 17 (0.16) 

(,,,O+, 
2 . 5  (no solvent) 

5 

31 .O  (solvent, 40 g. 
Of CsH5Pr'Oz) 

56 

25 (0.38) 33 (0.30) 

35 (0.17) 30 (0.45) 40 (0.37) 3 . 1  5 

a Reactions run in "Haselloy-lined pressure vessel of 140-, 240-, or 1000-ml. capacity a t  autogenous pressure. Normal heating pat- 
tern was 1 hr. a t  100" followed by 2 to 3 hr. a t  140" (or higher temperatures above phenol melting point) for the COFa reaction; 2 hr. 
successivcly a t  100, 140, or 150", and 160 or 175" for the SF3 reaction. Boiling point 93" (30 mm.), characterized by 
Fl9 n.m.r. analysis only. 

See ref. 18. 

fluoride also may serve as a solvent.12 The use of an 
inert solvent such as nitrobenzene also was found neces- 
sary for the reaction of high-melting phenols, such as 
4,4'-dihydroxydiphenyl sulfone. It is concluded that 
the reactants must be liquids or in solution for the 
reaction with carbonyl fluoride or sulfur tetrafluoride to 
proceed to completion a t  a reasonable rate. 

As by-products in several reactions, small amounts 
of the fluoroformate intermediates were isolated as a 
higher boiling fraction after distillation of the trifluoro- 
methyl ethers. From hydroquinone the main by-prod- 
uct was the carbonate, 1, and as expected its relative 

0 

the reaction of m-cresol. Only a 10% yield of the nor- 
mal product, m-tolyl trifluoromethyl ether, was isolated ; 
the  main product in 40% yield was a sulfide which, on 
basis of analysis and .spectral properties, was assigned 
one of two structures, 2a or 2b. 

or 
2a 

Structure 2a is preferred since the OCF, group directs 
electrophilic reagents predominantly to the para posi- 

(12) The use of hydrogen fluoride as  a catalyst was demonstrated in the 
original report on the use of sulfur tetrafluoride as a fluorinating agent; see 
ref. 8b. Recently, D. C. Martin and F. Kagan, J .  078. Chem. ,  27, 3164 
(1962), described the reaction of sulfur tetrafluoride with the carbonyl func- 
tions of steroids and stated that high yields of fluorinated steroids were 
obtained only when the sulfur tetrafluoride contained 20% hydrogen fluoride. 
In discussing these results, the authors commented that the concentration 
of hydrogen fluoride was critical. 

1 

amount compared to 1,4-bis(trifluoromethoxy)benzene 
increased when the molar ratio of COFz to hydroquinone 
was decreased. An unusual by-product was formed in 
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tion. The formation of this sulfide is postulated to 
occur via a Friedel-Crafts-type reaction of thionyl 
fluoride with tolyl trifluoromethyl ether, followed by an 
oxidation-reduction reaction with the remaining thionyl 
fluoride. As an analogy, the reaction of anisole with 
thionyl chloride is reported to give 4,4'-bis(methoxy)- 
diphenyl ~u1fide.I~ In sulfur tetrafluoride chemistry, 
this is the first example of formation of a sulfide in 
reactions with an aromatic derivative. 

The preparation of o-nitrophenyl trifluoromethyl 
ether also requires special comment. Because of hy- 
drogen bonding of the OH with NO2, carbonyl fluoride 
does not react with the phenol unless sodium fluoride is 
used as a base. In this case, the intermediate fluoro- 
formate must be isolated and charged into a clean 
autoclave with hydrogen fluoride and sulfur tetra- 
fluoride. 

For comparison purposes a number of aryl tetra- 
fluoroethyl ethers also have been synthesized by the 
literature procedure.' The fluoroalkyl ethers prepared 
in this work are tabulated in Table 111, and physical 
properties and analytical data are given. 

Physical and Spectral Properties.-The melting 
points, boiling points, and densities of selected aryl 
fluoroalkyl ethers are summarized in Table IV and com- 
pared with those of anisole, phenetole, and benzotri- 
fluoride. In this series, as is generally recognized, 
the complete replacement of aliphatic hydrogen by fluo- 
rine causes a marked decrease in boiling point. For OCFa 
groups a melting point decrease also is observed, and this 
phenomenon is particularly significant when the OCF, 
group is in the meta position in aromatic derivatives. It 
also is noted that the density of the ethers increases with 
increasing fluorine content. These ethers are all color- 
less and have a sweetish odor with typical aromatic char- 
acter. 

TABLE I V  
PHYSICAL PROPERTIES OF ARYL FLUOROALKYL ETHERS 
X of CsHsX 
(or CaH&) M.P., 'C. B.p., 'C. 

OCHa -37 155 1.00 
OCHzCH3 - 30 172 0.97 
CF, - 29 102 1.19 
OCFa - 50 106 1.23 
OCFzCF3 - 29 115 1.30 
OCFzCF1H' 147 
OCFzH' 145 

m-(OC&)z - 52 217 1.08 
m-(OCF3 )2 - 55 1 23 1.41 

Density. d% 

(Extrapolated) 1 .18 

The infrared spectra of these ethers show typical 
strong C-0 absorption at  7.8 to 8 p and very strong C-F 
absorption in the 8-9-p region. The remainder of the 
spectra contains absorption typical of the aromatic 
nucleus and substituents. The ultraviolet spectra are 
in general similar to those of the corresponding tolyl 
derivatives. The FI9 n.m.r. spectra of aryl trifluoro- 
methyl ethers show a single resonance in the region of 
-700 to -800 C.P.S. a t  40 Mc./sec. with reference 
(external) to CF&1CF2C1 (no solvent). This resonance 
is approximately 1600 C.P.S. downfield to that of a 
normal CFa group. In  some cases, a small amount of 
spin-spin coupling (about 1 c.P.s.) between the ortho-H 

(13) F. Loth and A. Michaelis, Ber., 97, 2543 (1894). 
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and the FI9 was noted. The pentafluoroethyl group 
has resonances at +814 and +769 C.P.S. with relative 
intensity of 2 to 3. The downfield shift of the fluorines 
on the carbon adjacent to oxygen is apparent also in 
the spectra for the aryl nonafluoro-n-butyl ethers which 
have the normal n-heptafluoropropyl group resonances 
(CF2 at $2347 c.P.s.) and the OCF, resonance at 
4-618 C.P.S. Quantitative correlations of the I2l9 
n.m.r. chemical shifts with substituents and quantita- 
tive measurements that show that the perfluoroalkoxy 
groups are halogen-like in inductive and resonance 
effects on the aromatic ring and adjacent groups are 
described in other publications.' l 4  

Chemical Properties.-The inert character of the 
OCF3 group when attached to an aromatic residue was 
indicated in earlier  report^.^.^ Numerous additional 
chemical transformations clearly have demonstrated 
the unusual stability of the OCF3 group to strong acids 
and bases (including organometallic reagents) as well as 
to strong oxidizing and reducing conditions. Repre- 
sentative reactions for preparation and reactions of the 
anilines and preparation of benzoic acids are shown by 
eq. 2 and 3. In  general, yields were comparable to 
those of analcgous reactions described in the literature. 
The OCF2CF3, OCF2CF2CF2CF3, and OCF~CFZH 
groups, when attached to the aromatic ring, although 
not examined so thoroughly, also appear to have 

(or Li) 

7 O(CFz),X 
I 

O(CF2), X 
I Q KMnOI Q (3) 

stability comparable with that of the OCF3 group. 
The thermal stability of the aryl trifluoromethyl ethers 
is exceptional, and these compounds do not show ex- 
tensive degradation in the gas phase (as determined by 

(14) W. A .  Sheppard. J .  A m .  Chem. Soc.. 86, 1314 (1963); D. R. Eaton 
and W. A. Sheppard. tbtd. .  86, 1310 (1963). 

mass spectrometric analysis) until heated to approxi- 
mately 600' in a sealed nickel tube. 

In substitution studies on the aryl perfluoroalkyl 
ethers, it was found that the ORr group orients an 
attacking electrophilic reagent to the ortho-para 
positions. Sitration of phenyl trifluoromethyl ether a t  
room temperature with fuming nitric acid in concen- 
trated sulfuric acid gave approximately an equal mix- 
ture of mono- and dinitration products. The mono- 
nitro product was shown by gas chromatographic 
analysis, with conformation from spectral (infrared, 
ultraviolet, and n.m.r.) analysis, to be para, and no 
trace was detected of ortho or meta isomers (a syn- 
thetic mixture of 0-, m-, and p-nitrophenyl trifluoro- 
methyl ether was cleanly separated by gas chromatog- 
raphy on a column of 20y0 diglyceride on Columpak). 
The dinitro product was shown by spectral analysis to 
have 2,4-orientation. l5 Bromination in the pi'esence 
of iron catalyst also gives only para orientation for the 
monobromo derivative. If excess bromine is used, 
dibromination also occurs; from gas chromatographic 
and spectral analysis, it was shown that the dibromo- 
phenyl trifluoromethyl ether is a mixture of 2,4 and 
3,4 isomers in the ratio of two to one. Mononitration 
of p-chlorophenyl trifluoromethyl ether gave the two 
possible isomers in approximately equal amounts. 
From these experiments it is concluded that the OCI:, 
group is very similar to the halogens (in particular 
bromine and chlorine) in its influence on the aromatic 
system to substitution by an electrophilic reagent. 

The over-all deactivating effect of the OCF, group, 
analogous to that of the halogens, also is reflected in the 
low yield obtained in a Friedel-Crafts acylation and in 
the forcing conditions required for condensation with 
chloral. 

In the bromination of 1,4-bis(trifluoromethoxy)ben- 
zene with excess bromine, a mixture of recovered start- 
ing material, monobromo and dibromo products, was 
formed. The dibromo derivative proved to be almost 
soleiy the 2,5 isomer by virtue of only a single fluorine 
resonance in the n.m.r. spectrum (two resonances are 
observed for the monobromo product and are expected 
also for the 2,6-dibromo isomer). 

Because of the exceptional chemical and thermal 
stability combined with a good liquid range for the 
aryl perfluoroalkyl ethers, a series of stable fluids con- 
taining perfluoroalkoxy groups was prepared also. In 
particular, the phenylene ethers substituted with per- 
fluoroalkoxy groups were found to have better proper- 
ties over-all as stable fluids than the unsubstituted 
derivative. 

Experimental 
Materials.-The phenols were purchased from Fhstman Kodak 

Company or other chemical supply houses. Carbonyl fluoride 
was prepared by the recently reported synthesis from phosgene 
and sodium fluoride in acetonitrile." Sulfur tetrafluoride was 
obtained from Organic Chemicals Department, F:. I. du I'ont de 
Semours and Company, Wilmington, Delaware. TriHrioro- 
acetic anhydride, trifluoroacetyl chloride, and heptttfluorohutyryl 
chloride were purchased from Columbia Organic Chemicds. 
Anhydrous hydrogen fluoride was purchased from Harshaw 
Chemical Company. Sodium hydride, as a 53% dispersion in 

(15) Since completion of this work. similar results were reporter1 for the 
nitration of phenyl trifluoromethyl ether in the Russian IiteratItre." The 
orientation of the nitro groups was proven by classical cliernical methods 
only. 
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mineral oil, was obtained from Metal Hydrides, Inc., Beverly, 
Massachusetts. 

Preparation of F1uoroformates.--A modification of the 
literature procedure9 was employed. The phenol was charged 
in a "Hastel1oy"-lined pressure vessel (140-, 240-, or 1000-ml. 
capacity). The vessel was cooled in Dry Ice, evacuated, and a 
25 to 50yo molar excess of COFZ was added. The reactants were 
heated under autogenous pressure for 1-4 hr. a t  100 to 200". 
The product was dissolved in an inert solvent, normally methyl- 
ene chloride, and stirred in a polyethylene bottle with a molar 
excess of sodium fluoride powder or pellets until the hydrogen 
fluoride was removed. The solution was filtered and distilled. 
The fluoroformate, if liquid, was fractionated a t  reduced pres- 
sure or, if solid, was recrystallized. For preparation of o-nitro- 
phenyl fluoroformate, it was found necessary to charge a molar 
amount of S a F  powder in the pressure vessel with the reactants. 
The fluoroformates not described previously in the literature are 
listed in Table 111. 

Preparation of Aryl Fluoroalkylcarboxy1ates.-Two pro- 
cedures were employed. (1) The reaction of the phenol with 
trifluoroacetic anhydride was carried out as described in the 
literature.'Oa (2) The phenol and an equimolar amount of 
pyridine was dissolved in ether and a slight molar excess of tri- 
fluoroacetyl chloride was bubbled into the solution, or hepta- 
fluorobutyryl chloride was added dropwise with stirring. The 
pyridine hydrochloride was separated by suction filtration, 
and the product distilled (or recrystallized if solid). The eRters 
not previously reported in the literature are listed in Table 111. 

Preparation of Aryl Perfluoroalkyl Ethers from the Fluoro- 
formate or Perfluoroalkyl Ester .-The aryl fluoroformate or 
perfluorocarboxylate was charged into a "Hastel1oy"-lined 
pressure vessel (140-, 240-, or 1000-ml. capacity). The vessel 
was cooled in Dry Ice, evacuated, and anhydrous hydrogen 
fluoride and sulfur tetrafluoride were added. The reactants 
were then heated under autogenous pressure, generally for 2-hr. 
successive periods a t  temperatures of 100, 150, and 175". The 
product was treated with sufficient sodium fluoride (powder or 
pellets) to remove all of the hydrogen fluoride (or alternatively 
washed with watei and sodium bicarbonate solution) and 
fractionated. Sormally a 45-cm. spinning-band column was 
employed for the distillation and the product was obtained in an 
exceptionally high state of purity (for phenyl trifluoromcthyl 
ether better than 99.93% pure as determined by gas chromato- 
graphic analysis). The reactions run by this route are summarized 
in Table I, and the ethers are described in Table 111. 

D. Preparation of Trifluoromethyl Ethers. General Two- 
Step Procedure from Phenols.-The phenol was treated with 25 
to 5070 molar excess of COFt as deJcribed in section A; gener- 
ally the reactions were heated under autogenous pressure a t  
100' for 1 hr. and a t  130 to 150" for 2-3 hr The vessel was first 
cooled to 0" to vent the excess COFZ; then, after cooling to -80", 
10 to 20y0 molar excess of SF, was added. The reactants were 
heated under autogenous pressure and the product worked up as 
described in section C. The reactions run by this method are 
summarized in Table 11, and the ethers are listed in Table 111. 

E. Preparation of Aryl Tetrafluoroethyl Ethers.-The 
procedure described previously7" was employed with the following 
modifications.le The phenol (0.25 to 0.50 mole) was dissolved in 
150 ml. of dimethoxyethane (glyme), and 10 to 20 molar % of 
53% sodium hydride dispersion in mineral oil was added. When 
the reaction was complete, the solution was diluted with 150 ml. 
of diniethylformamide and transferred to the reactor. The tetra- 
fluoroethylene reaction was carried out as described7. and the 
product worked up in the normal manner. 

Reactions of Aryl Perfluoroalkyl Ethers (on the Aromatic 
Ring) .-A number of reactions involving the aromatic ring of 
aryl trifluoromethyl ethers have been described in the Russian 
l i t e r a t ~ r e . ~ . ~ > 6  .4ho in many reactions, standard conditions (such 
as described in "Organic Syntheses") were employed to carry out 
classical conversions on the ring or on substituents. Conse- 
quently, experimental details are provided only where conditions 
are unusual or important. The perfluoroalkyl ethers, with 
physical properties and analytical data, are listed in Table 111, 
along with the methods of preparation (including references to 
literature methods where pertinent) and yields also are given. 

1. Nitration. a .  Phenyl Trifluoromethyl Ethel .-.4 mix- 
ture of 4.86 g. (0.030 mole) of phenyl trifluoromethyl ether with 

A.  

B. 

C. 

F. 

(16) We would like to  thank Dr. D. C. England of this laboratory for 
suggesting these modifications. 

18 ml. of concentrated sulfuric acid was placed in a 35-ml. flask 
fitted with a thermometer, magnetic stirrer, and addition 
funnel with a Drierite guard tube. Approximately 5 ml. 
of fuming nitric acid wm added dropwise to the mixture with 
stirring while the temperature was maintained between 20" and 
30" by an ice bath. The reaction was extremely exothermic 
during addition, and after the addition was completed and the 
ice bath removed, a slight exothermic reaction continued. After 
approximately 30 min., the mixture was poured over approxi- 
mately 100 g. of cracked ice, and the product extracted in ether. 
The ether extracts were washed with 157, sodium hydroxide 
solution, then with water, and dried over anhydrous magnesium 
sulfate. The product was distilled through a 30-cm. spinning- 
band column to obtain 2.9 g. (47$&) of p-nitrophenyl trifluoro- 
methyl ether, b.p. 82" (9.7 mm.), n% 1.4659, and 2.7 g. (36%) 
of 2,4-&nitrophenyl trifluoromethyl ether, b.p. 106-107' (2 
mm.), 12% 1.4969. 

The lower boiling fraction was characterized as p-nitrophenyl 
trifluoromethyl ether. Infrared and gas chromatographic 
analysis of this sample showed it  to contain no ortho or meta 
isomer. (Authentic samples of 0-, m-, and p-nitrophenyi tri- 
fluoromethyl ethers were employed for comparison and synthetic 
mixtures of the three isomers were readily separated on a 2-m. 
column of 20% diglyceride on 40- to 60-mesh Columpsck heated 
a t  150" .) The 2,4-dinitrophenyl trifluoromethyl ether was 
characterized by elemental analyses and n.m.r., ultraviolet, and 
infrared spectra. 

p-Chlorophenyl Trifluoromethyl Ether.17--A solution of 
11.39 g. (0.0574 mole) of p-chlorophenyl trifluoromethyl ether in 
25 ml. of concentrated sulfuric acid was nitrated with 5 g. of 
fuming nitric acid as described previously. The chloronitro- 
phenyl trifluoromethyl ether, b.p. 65' (1.1 mm.) was obtained 
in a yield of 10.0 g. (72%) and was shown to be approximately a 
50: 50 mixture of the 2- and 3-nitro-4-chlorophenyl trifluoromethyl 
ether by Fig n.m.r. analysis. 

2 ,  Bromination. a. Phenyl Trifluoromethyl Ether . IhA 
mixture of 143 g. (0.89 mole) of phenyl trifluoromethyl ether and 
3 g. of iron powder was heated to  reflux with stirring, and 50 ml. 
(155 g., 0.97 mole) of bromine was added rapidly. The reaction 
mixture was then cooled, decanted, and taken up in pentane. 
The pentane solution wm washed successively with 50-ml. 
portions of 6 A' hydrochloric acid, layc sodium bisulfite, and 
saturated sodium chloride solutions, dried, and distilled. The 
p-bromophenyl trifluoromethyl ether, b.p. 155", was obtained 
in a yield of 175 g. (820/,) and was characterized as pura isomer 
only by gas chromatographic and spectral comparison to an 
authentic sample prepared by method D. If an excess of 
bromine was used, dibromophenyl trifluoromethyl ether, b.p. 
76-79" (7 mm.), 11% 1.5068, was obtained as a by-product and 
was shown to be a mixture of 2,4- and 3,4-dibromo isomers in 
ratio 2 :  1, respectively, by FIg n.m.r. and gas chromatographic 
analysis employing for comparison an authentic sample of 2,4- 
dibromophenyl trifluoromethyl ether prepared by method D. 

1,4-Bis(trifluoromethoxy)benzene.--A mixture of 49.2 g. 
(0.20 mole) of 1,4-bis(trifluoromethoxy)benzene and 1.5 g. of 
iron powder was heated to  reflux, and 24 g. (0.15 mole) of 
bromine was added over a period of approximately 15 min. 
The reaction mixture was stirred and refluxed overnight. An 
additional 16 g. (0.10 mole) of bromine was added and refluxing 
continued for an additional 36 hr. The reaction was cooled, 
and the product extracted in pentane. The pentane solution 
was washed, in turn, with 80 ml. of 6 IV hydrochloric acid, 120 
ml. of 10% sodium bisulfite solution, and saturated sodium 
chloride solution. The pentane solution was dried over mag- 
nesium sulfate, filtered, and distilled. A total of 21.5 g. (44%) 
of 1,4-bis(trifluoromethoxy)benzene, b .p. 49.5" (20 mm .) , was 
recovered. A second fraction of 14.4 g. (227,), b.p. 58.5" (20 
mm.), n 2 j ~  1.4148, was characterized as 2-bromo-1,4-bis(tri- 
fluor0methoxy)benzene. The t,hird fraction of 13.1 g. (l6Yc), 
b.p. 110' (30 mm.), 11% 1.4571, was characterized as 2,S-dibro- 
mo-1 ,l-bis(trifluoromethosy)benzene. In  a second run on 
double the scale, the yields were recovered starting material, 
38%; monobromo product, 307,; and dibromo product, 15%. 
The dibromo derivative was found to have a single F I g  n.m.r. 
resonance (-360 c.p.5. with internal reference to CFZClCFzCl 

b. 

b. 

(17) We are indebted to Dr. W. W. Prichard of this laboratory for this 

(18) We are indebted to  Dr. P; E .  Aldrich of this laboratory for the 
experiment. 

experiment. 
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a t  40 Mc./sec.). split into a doublet, and a single proton reso- 
nance split into a quadruplet (JIIF = 1.2 c.P.s.). This spectra 
is consistent only with the 2,5 isomer since the 2,6 isomer would 
show two chemically shifted Flq resonances, one of which should 
be split into a triplet. (The monobromo product shows two 
equal F19 resonances a t  -363 and -341 c.p.5. with reference to 
CFZCICFZCI a t  40 Mc./sec.) 

3. Reduction of Nitro Group. Aminophenyl Perfluoroalkyl 
Ethers.-The general procedures are illustrated by the following 
examples. 

a.-A solution of 7.75 g. (0.030 mole) of p-nitrophenyl penta- 
fluoroethyl ether in 100-ml. absolute ethanol containing 0.036 
mole of hydrogen chloride was hydrogenated a t  approximately 3 
atm. pressure in a Parr apparatus using 0.30 g. of platinum oxide 
aa catalyst. The theoretical amount of hydrogen was absorbed 
in a few minutes. The catalyst was removed by filtration, and 
the alcohol solution evaporated under nitrogen. The residual 
solid was triturated with 100 ml. of ether and filtered. The 
pentafluoroethoxyaniline hydrochloride was obtained as white 
platelets in a yield of 6.0 g. (87%). The free aniline was ob- 
tained by adding the hydrochloride to an excess of stirred 10% 
solution of sodium carbonate layered with ether. The aniline 
obtained from the dried ether extract was distilled, b.p. 95" 
(22 mm.). 

b.-m-Xtrophenyl trifluoromethyl ether (36.3 g., 0.175 
mole) in 50 ml. of absolute alcohol with 1 g. of 57, palladium-on- 
charcoal catalyst was reduced in a pressure vessel at  50" and 69 
atm. of hydrogen; approximately the theoretical amount of 
hydrogen was absorbed. The resulting reaction mixture was fil- 
tered to remove catalyst and distilled to obtain 26.8 g. (92.57,) 
of m-aminophenyl trifluoromethyl ether, b.p. 89" (20 mm.), 
71% 1.4633. 

4. Carboxyphenyl Perfluoroalkyl Ethers.-As shown in 
eq. 3, three different procedures were employed for the prepara- 
tion of the acids. The stability of the OR, to organometallic 
reagents and strong oxidizing conditions is illustrated by these 
methods. 

Carbonation of Grignard Reagent .-The Grignard reagent 
was prepared in the normal manner by addition of 8.1 g. (0.036 
mole) of p-bromophenyl trifluoromethyl ether in 15 ml. of ether 
to 1.0 g. (0.042 g.-atom) of m a g n e h m  turnings in 5 ml. of 
ether. The reaction was euothermic, and the bromo derivative 
was added a t  a rate sufficient to maintain reflux. -4fter addition 
was complete, the reaction mixture was stirred a t  room tempera- 
ture for 30 min. and then cooled to -5" in an ice-acetone bath. 
Dry carbon dioxide was passed over the stirred solution. An 
exothermic reaction resulted, and the temperature increased to 
approximately 0'. Hydrolysis was accomplished with 15 ml. of 
6 N sulfuric acid, and the product was separated by ether ex- 
traction. The crude product was obtained as oily white crystals 
(yield, 9.5 g.).  The p-trifluoromethoxybenzoic acid was re- 
crystallized several times from hexane to constant m.p. 153.2- 
153.8'. 

b. Permanganate Oxidation.-A mixture of 5.64 g. (0.032 
mole) of m-trifluoromethoxytoluene with 12.0 g. (0.076 mole) 
of potassium permanganate dissolved in 140 ml. of water wm 
gradually heated to reflux with stirring. The mixture was re- 
fluxed overnight until all of the permanganate color had disap- 
peared. Unchanged starting material (2.0 g., 39%) was re- 
moved by distillation of approximately 100 ml. of water from the 
reaction mixture. The remaining dark aqueous mixture was 
treated with sulfur dioxide until all of the manganese dioxide had 
dissolved. A white crystalline solid was filtered from the solu- 
tion and washed thoroughly with water. The crude m-trifluoro- 
methoxybenzoic acid was obtained in a yield of 2.77 g. (42%) 
and was recrystallized from hexane to constant m.p.  91.4-92.0". 

c. Bromination, Hydrolysis, and Oxidation.-A solution of 
8.80 g. (0.05 mole) of p-tolyl trifluoromethyl ether and 16.0 g. 
(0.10 mole) of bromine in 100 ml. of carbon tetrachloride was 
irradiated under reflux overnight with a G. E. sun lamp. At the 
end of this time, the bromine color had disappeared and consider- 
able hydrogen bromide evolution had occurred. The carbon 
tetrachloride was evaporated a t  room temperature under a 
nitrogen st'eam, and 75 ml. of concentrated nitric acid was added. 
The mixture was stirred vigorously overnight, bromine gradually 
evolved, and hnally the product separated from the aqueous phase 
as a solid. The mixture was poured into several 100 ml. of 
ice-water, and the solid product was separated by suction fil- 
tration and washed thoroughly with water. The yield of p-tri- 

a.  

fluoromethoxybenzoic acid, recrystallized from hexane, m.p. 
153-154", was 6.8 g. (66%). 

5 .  Tetrakis(trifluoromethoxypheny1)silane.-A solution of 
butyllithium in ether was prepared in the usual way from 13.7 g. 
(0.10 mole) of butyl bromide, 1.53 g. (0.22 g.-atom) of lithium 
wire, and 30 ml. of ether. To this was added dropwise a solution 
of 24.1 g. (0.10 mole) of m-trifluoromethoxybromobenzene in 20 
ml. of ether keeping the reaction temperature a t  0".  After the 
mixture had been stirred for approximately 2 hr. (the solution 
turned yellowisli in color), a solution of 3.1 g. (0.018 mole) of 
silicon tetrachloride in 20 ml. of ether was added dropwise. A 
very exothermic reaction resulted, and the temperature was 
maintained a t  0 to 5" with an acetone-ice bath. The solution 
was allowed to warm gradually to room temperature overnight 
and was then hydrolyzed with 25 ml. of 5% hydrochloric acid 
solution. The ether layer was separated, and the aqueous phase 
extracted with additional portions of ether. The combined 
ether extracts were dried over magnesium sulfate, filtered, and 
evaporated under nitrogen. The residue of pale yellow oil was 
fractionated on a 30-cm. spinning-band column. Tetrakis(m- 
trifluoromethoxyphenyl)silane, b.p. 136" (0.7 mm.), was ob- 
tained in a yield of 5.4 g. (32%). A forecut of 4.4 g. of material, 
b.p. 106-136" (0.7 mm.), was shown to contain saturated C-H 
and is believed to be a mixture containing chiefly tris(trifluor0- 
methoxypheny1)butylsilane. The tetrakis(m-trifluoromethoxy- 
pheny1)silane is a glass a t  -80" and becomes fluid a t  approxi- 
mately -30". The open tube boiling point is 352", and the 
silane is stable to reflux in a tube open to the air. Although 
this silane is considerably more volatile than tetraphenylsilane 
(b.p. 530", m.p. 273.5"), i t  has a much lower melting point so 
that the over-all liquid range is extended significantly. No 
reference has been found to any other tetraarylsilane which is a 
liquid a t  room temperature. 

6. l,l,l-Trichloro-2,2-bis(trifluoromethoxyphenyl)ethane.- 
Sulfuric acid (50 g., 98-100a/,) was placed in a 100-ml. flask 
fitted with a thermometer, magnetic stirrer, and dropping funnel 
with a Drierite guard tube. A solution of 3.68 g. (0.025 mole) 
of anhydrous chloral and 8.1 g. (0.050 mole) of phenyl trifluoro- 
methyl ether was added dropwise to the sulfuric acid with stirring. 
After addition was almost complete, an exothermic reaction 
occurred, and the temperature increased to 40". The solution 
was stirred overnight and then poured into 25 ml. of methylene 
chloride. The methylene chloride layer was separated, and the 
sulfuric acid further extracted with methylene chloride. The 
combined methylene chloride extracts were washed with water 
and 10% sodium carbonate solution and dried over anhydrous 
sodium sulfate. The methylene chloride was distilled, and the 
residue fractionated through a 30-cm. spinning-band column to 
obtain 2.9 g. (26%), b.p. 134-140" (2.3 mm.), n2% 1.4952, of 
1 ,l-bis(trifluoromethoxyphenyl)-2,2,2-trich~oroethane. In  a 
large-scale preparation, a lower boiling by-product was identified 
as 1 , I ,  l-trifluoro-2-(trifluoromethoxyphenyl)ethane, b.p. 58' 
(0.06 mm.). If 96% sulfuric acid was used in the condensation, 
only this by-product was isolated. This by-product must result 
from a reduction of an intermediate by the chloral. It is sug- 
gested that this reduction can compete successfully with the 
normal condensation reaction because of deactivation by the 
trifluoromethoxy group. 

7. m-Bis(m-trifluoromethoxyphenoxy) benzene.-A solution 
of 10.2 g. (0.057 mole) of m-trifluoromethoxyphenol in 30 ml. 
of toluene was mixed with 3.8 g. (0.068 mole) of potassium 
hydroxide in a Dean-Starke apparatus and heated to reflux for 
several hours until all the water had been removed as an azeo- 
trope. Approximately 15 ml. of toluene was distilled, and 6.76 
g. (0.827 mole) of m-dibromobenzene and 0.5 g. of cuprir carbo- 
nate were added to the reaction mixture. The temperature was 
gradually raised to 200D, and the remaining toluene distilled. 
The reaction mixture was then heated under reflux a t  220-240" 
overnight. After cooling, the product was extracted from the 
pasty dark solid with several portions of ether. The ether ex- 
tracts were evaporated, and the residual oil distilled to obtain a 
total of 7.59 g. (61 70) of m-bis(m-trifluoromethoxyphenoxy)- 
benzene, b.p. 138-143" (0.59 mm.), nzsD 1.5048. This product 
turned to a glass a t  -80" and was a mobile liquid to approxi- 
mately -40". The open tube boiling point was 336". The 
product obtained previously had a slight odor of phenol and wae 
purified further by distillation from anhydrous sodium carbon- 
ate. For comparison the parent m-bis(phen0xy)benzene has 
m.p. 47-48' and b.p. 372". 
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G. Pyrolysis Experiments .19-Samples of the aryl perfluoro- 
alkyl ethers were distilled into an evacuated 10-ml. stainless 
steel pressure veesel connected to the inlet system of a mass 
spectrometer. The vessel was hected for 20-min. periods in suc- 
cession at  temperatures of 400, 475, 550, 625 and 700'. After 
each period, a sample was removed for mass spectrometric 
analysis, and the per cent decomposition and major decom- 
position products were determined. In  this study, C6HsOCF3, 
C6HsOCF2CF3, C6H50CF&FzH, and p-(CF30)2C,H4 were 
compared with benzotrifluoride and fluorobenzene. In  each case 
a measurable amount of decomposition (5 to loyo) was noted 
between 550 and 570". At 625" the decomposition was 60-70% 
for the pentafluoro- and tetrafluoroethyl ethers, but only 30 to 
40% for the other compounds in the series. The initial course of 
decomposition in all cases appeared to be formation of biphenyls. 
For the ethers, formation of carbon monoxide, carbon dioxide, 
and fluorobenzene derivatives becomes significant a t  higher 
temperatures. 

Spectral Properties.-A description of the infrared and H. 

(19) .4 qualitative study of the stability of derivatives of perfluorobenzene 
was described recently by L. -4. Wall, R.  E. Donadia, and W. .J. Pummrr, 
J .  Am. Chem. Soc.,  82, 4846 (1960). 

n.m.r. spectra of the aryl perfluoroalkyl ethers was presented in 
the discussion. The ultraviolet spectra of these ethers are in 
general very similar to those of corresponding toluene derivatives, 
as illustrated by the following examples in Table V. 

TABLE T' 

C6HsOCFa" 267(2 2) 264(2 4 )  255(2 2) 249(2 2) 
CsHsCH? 268(2 4) 262(2 5 )  255(2 4 )  248(2 2)  
P-C6HdOCFi)zo 269(2 5 )  264(2 6) 259(2 5 )  
p-C6Hd(CH3)26 275(2 7)  268(2 7) 261 ( 2  5 )  256(2 3 )  

The solvent was isooctane. Literature value. 
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Aliphatic alcohols are converted to the corresponding trifluoromethyl ethers by reaction with carbonyl fluoride 
and treatment of the resulting fluoroformate with sulfur tetrafluoride. This reaction has synthetic value only 
when the alcohol is substituted with a deactivating substituent in the P-position. The scope and extensions 
of this reaction and the physical and chemical properties of these ethers, particularly trifluoromethyl vinyl 
ether and substituted ethyl trifluoromethyl ethers, are described. 

Perfluoroalkyl ethers have been prepared in low 
yield by electrolytic fluorination.2 Other methods 
useful for preparation of a-fluorinated ethers are base- 
catalyzed additions of alcohols to fluoroolefinp and 
fluoride exchange reactions with chlorinated ethers. 
However, none of these methods is generally useful 
for the preparation of alkyl trifluoromethyl ethers.3 

Results and Discussion 

Synthesis.-The new general method for preparation 
of aryl trifluoromethyl ethers described in the previous 
paper' has been extended to the aliphatic series. 

0 
S FI 

ROH + COFz + RO E F + HF + ROCFs 

Alcohols were converted to the corresponding fluoro- 
formates by reaction with carbonyl fl~oride4,~ in an 

(1) Paper I :  W. A .  Sheppard, J .  Ow. Chem.. 29, 1 (1964). 
(2) A general review describing synthesis and properties of fluoroalkyl 

ethers is presented in (a) 4 .  M. Lovelace, D. A .  Rausch, and W. Postelnek, 
"Aliphatic Fluorine Compounds," Reinhold Publishing Corp., New 
York, N. Y . ,  1958, Chap. V, p 155; (b) M. Hudlicky, "Chemistry of 
Organic Fluorine Compounds," The MaoMillan Co.,  New York. 
N. Y. .  1962. pp. 141 and 238. (c) K. Weissermel and M .  Lederer, Ber., 96, 
77 (19631, describe preparation of n-fluorinated ethers by addition of t -  
butyl hypochlorite to fluoroolefins. 

(3) A trichlorodimethyl ether has been treated with antimony trifluoride 
to give a trifluorodimethyl ether, H. S. Rooth and P .  E .  Rurchfield, J .  Am. 
Chem. S o r . ,  67, 2070 (1935). No proof of structure was presented, but,  
on the basis of physical properties (see Discussion) and ease of hydrolysis, 
the structure must have been FCHIOCF~H and not CHaOCFs as suggested 
in ref. 2a. 

(4) Fluoroformates also may be obtained by fluoride ion exchange on 
chloroformates (ref. 2b, page 1 1 1 ) .  

autoclave a t  100 to 200". In a second step, the fluoro- 
formates were converted to trifluoromethyl ethers by 
reacticn with sulfur tetrafluoride6 a t  150 to 200'. 
In general, the intermediate fluoroformate was not 
isolated, and the hydrogen fluoride by-product from 
the first step served as a catalyst and/or solvent for the 
sulfur tetrafluoride reaction. In  one case where the 
fluoroformate was isolated, anhydrous hydrogen fluo- 
ride was added with the sulfur tetrafluoride, since it 
had been shown with aryl fluoroformates and other 
carbonyl derivatives' that hydrogen fluoride is neces- 
sary to catalyze the conversion to the respective a- 
fluorinated ethers and difluoro derivatives. 

This reaction is useful as a synthetic method only 
if the p-carbon is substitut,ed with one or more electron- 
withdrawing groups, such as F, C1, Br, OCFs (or 

OCF), and fluoroalkyl groups. Although methanol 
afforded methyl trifluoromethyl ether, other aliphatic 
alcohols composed of only hydrocarbon chains gave 
tars or carbonaceous products. With one electro- 
negative substituent, the over-an yield of ether from 
alcohol was in the range of 30 to 40y0 but increased to 
50 to 60% when three deactivating substituents were 
present in the p-position. These reactions are sum- 
marized in Table I, and the trifluoromethyl ethers, 

0 
II 

(5) Carbonyl fluoride was prepared by a convenient new synthesis from 
sodium fluoride and phosgene in acetonitrile a s  described by F. S. Fawcett, 
C. W. Tullock, and D .  D.  Coffman, J .  Am. Chem. Soc.,  84, 4275 (1962). 

(6) (a) C. W. Tullock, F .  S. Fawcett, W. C. Smith, and D .  D. Coffman, 
ibid. ,  82, 539 (1960); (b) W. R. Hasek, W. C. Smith, and V. A. Engelhardt, 
;bid. ,  82, 643 (1960). 


