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The recent work of Meyers and Mihelich5 suggests the 
possible use of this procedure in the conversion of lactones 
to  their alkylated forms and possibly in the preparation of 
asymmetric derivatives. For this purpose other amino alco- 
hols may be of interests6 

Experimental Section 
Elemental analyses were by Galbraith Laboratories, Knoxville, 

Tenn. Melting points and boiling points are uncorrected. Ir spectra 
were recorded on a Bqckman IR-10 spectrometer and NMR were 
recorded as 10-20% solutions in CDC13 a t  90 MHz with a tetra- 
methylsilane internal reference on a Bruker HFX-90 instrument. 

All starting compounds and solvents were obtained from Aldrich 
Chemical Co. and were used without further purification. 

The procedure below is typical. All reactions were monitored by 
infrared or by GC to determine the extent of reaction based on 
consumed lactone. Reactions were typically run for 48 h or until 
the volume of the aqueous layer in the Dean-Stark trap reached a 
maximum. 

I t  was determined that the amino alcohol 1 was slowly distilling 
(bp 165 "C) as the reaction proceeded. This obviously could affect 
the percent conversion values (see Table I) when a 1:l ratio of the 
amino alcoho1:lactone is used. Actually, the effect was nkgligible 
with 4c and 4f owing to the high reactivity of the lactones. With 
the other lactones, even a t  an amino alcoho1:lactone ratio of 2:1, 
the reactivities of the lactones were such that amino alcohol distil- 
lation affected percent conversion (Table I) as determined by the 
amount of lactone remaining (GC and quantitative ir measure- 
ments). This can be dealt with in two ways. In the case of y-butyr- 
olactone, with toluene as the solvent a successful reaction was 
achieved but a t  the expense of reaction time. On the other hand, 
the use of xylene allows a faster reaction (1-4 days for the range of 
lactones evaluated) and leads to no real losses since the amino al- 
cohol, lactone, and xylene can be recycled by fractionation. Hence 
we prefer the latter method although one'might want to explore 
the options for optimum conditions for an amino alcohol-lactone 
pair. We have not optimized conditions for any compounds re- 
ported here. A typical run for a 2:l amino alcoho1:lactone ratio is 
given below. 
2-(3-Hydroxypropyl)-4,4-dimethyl-2-oxazoline (5a). To a 

500-ml single-necked flask fitted with a magnetic stirrer, Dean- 
Stark trap, and condenser were added y-butyrolactone (24.'1 g, 
0.29 mol), 2-amino-2-methyl-1-propanol (50.0 g, 0.56 mol), and xy- 
lene (100 ml). The mixture was stirred and refluxed gentky, just al- 
lowing the xylene-water azeotrope to distill. The volume of the 
aqueous layer in the Dean-Stark trap with time was 5.5 ml at  5.75 
h, 7.3 ml a t  7.75 h, 12.3 ml at 15 h, 16.2 ml a t  2b h, and 21 ml a t  45 
h. The reaction was stopped a t  45 h. Analysis by GC indicated 80% 
conversion of the lactone. The xylene was removed on a rbtary 
evaporator and the residue was distilled to yield 2-(3-hydroxypro- 
py1)-4,4-dimethyl-2-oxazoline, bp 74-78 "C (0.5 mm), which still 
contained some lactone (GC). Distillation on an adiabatic spinning 
band column with a reflux ratio of l O / l  yielded 2-(3-hydroxypro- 
pyl)-4,4-dimethyl-2-oxazoline (65% yield based on conversion of 
lactone): bp 77-78 OC (0.5 mm); purity (GLC) 99.6%; ir (NaC1 
plates) 3310 (0-H), 2960, 2875, 1667 (C=N), 1460, 1363, 1164, 

1065, 1038, 945, 819, and 775 cm-'. Other analytical data are 
shown in Tables I and 11. 
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The trifluoromethylthio and trifluoromethylsulfonyl groups 
are important nuclear substituents in the preparation of po- 
tential new dyes,2 medicinal  agent^,^ and novel heterocyclic 
systems.4 At present, there are two standard procedures for 
the introduction of a trifluoromethylthio group into an aro- 
matic nucleus. The first method requires a photoinitiated 
chlorination of an aryl methyl sulfide side chain, followed by 
reaction with antimony trifluoride5 (eq 1). 

hv S bF, 
ArSCH3 f C1, - ArSCCl, - ArSCF, (1) 

The secopd method uses trifluoromethanesulfenyl chloride 
in either one of two ways. In one procedure6 (eq Z), reaction 
of an aryl Grignard reagent with trifluoromethanesulfenyl 
chloride gives the desired aryl trifluoromethyl sulfide, while 
in the other procedure7 (eq 3), reaction of activated aromatic 
derivatives, such as anilines, with trihuoromethanesulfenyl 
chloride leads to para-substituted aryl trifluoromethyl sul- 
fides. When higher temperatures and Lewis acid catalysts are 
used, less activated aryl derivatives undergo reaction, but 
mixtures of aryl trifluoromethyl sulfide isomers are obtained. 

ArMgX f CF3SCl ----f ArSCF, f (ArH f ArC1) (2) 

CeH5N(CHJ2 + CF3SCl - 
CF,S+N(CH,h - f C6H5N(CH3),-HC1 (3) 
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Alkyl trifluoromethyl sulfides have been prepared from the 
reaction of bis(trifluoromethylthio)rnercury* or trifluoro- 
methylthiosilvergJO with alkyl iodides. Also, trifluorometh- 
ylthiosilver has been used to prepare benzyl trifluoromethyl 
sulfides from benzyl iodides.1° As an extension of this type of 
reaction, we wish .to report that the reaction of trifluoro- 
methylthiocopper with aryl bromides and iodides provides 
a convenient, one-step route to the synthesis of aryl trifluo- 
romethyl sulfides. This procedure offers a number of advan- 
tages over existing processes, in that (1) the aromatic nucleus 
may contain electron-donating or electron-withdrawing 
groups, (2) Grignard sensitive groups may be present in the 
molecule, (3) pure ortho, meta, and para isomers are obtained 
from the reaction of trifluoromethylthiocopper with the re- 
spective ortho, meta, and para aromatic bromide or iodide 
derivative, (4) yields of products range from good (60%) to  
excellent (loo%), and (5) selective halide displacements are 
possible since aromatic iodides react a t  a significantly lower 
temperature than do aromatic bromides while aryl chlorides 
do not react. 

Ethyl p-(trifluoromethy1thio)benzoate (4) is formed in 90% 
yield (98.4% pure by GLC) when ethyl p-iodobenzoate (3) is 
allowed to react with trifluoromethylthiocopper (2) formed 
by the reaction of copper with bis(trifluoromethy1thio)mer- 
cury ( l).ll Bis(trifluoromethylthio)mercury, alone, does not 

Hg(SCF3)Z + CU - CUSCF~ + Hg 
1 2 

- CuSCF, + I ~ C 0 2 C 2 H 6  / \  --t CF3S-@0,C,H, - 
2 

3 4 

react with 3. The copper reagent 2 does not need to be pre- 
pared prior to the condensation reaction. Indeed, a product 
of comparable yield and purity is obtained when 2 is formed 
in situ during reaction. Since the efficiency of preparing 2 from 
1 is not known, excess copper and 1 (and, therefore, 2) were 

Hg(SCF3)Z + CU + I +CO2C2H6 - 
1 

3 

4 

used in the general reaction conditions. Empirically, it has 
been found that a ratio of 2 mol of 1 per mole of aryl iodide or 
bromide gives good to excellent yields of products. These 
products are often of sufficient purity to be used directly in 
subsequent reactions, as, for example, oxidation to the tri- 
fluoromethylsulfonyl derivatives. Both 1 and 2 are known to 
form very stable complexes with a variety of compounds, in- 
cluding amines.ll For this reason, a ratio of 3 mol of 1 per mole 
of substrate was used for amines as in examples 12 and 13, 
Table I. 

The scope and utility of the reaction of aryl iodides and 
bromides with trifluoromethylthiocopper is illustrated in 
Table I. Examination of Table I shows that the aromatic nu- 
cleus may contain electron-withdrawing or electron-donating 
groups. Pure ortho-, meta-, and para-substituted aryl triflu- 
oromethyl sulfides are obtained from ortho-, meta-, and 
para-substituted aryl iodides or bromides. The yield and 
purity of the crude, isolated products are often greater than 
90%. Also, disubstitution of p-diiodobenzene occurs readily 
as does selective replacement of iodine in p-chloroiodoben- 
zene. 

Because of the operational ease and efficiency of the pro- 
cess, trifluoromethylthiocopper appears to be a desirable re- 



1646 J. Org. Chem., Vol. 41, No. 9, 1976 Notes 

agent for the introduction of the trifluoromethylthio group 
into aromatic nuclei. 

Experimental Section 
Melting points were determined on a Thomas-Hoover Unimelt 

capillary melting point apparatus and are uncorrected. Boiling points 
are uncorrected. NMR spectra were determined on a Varian T-60 
spectrometer with CDC13 as a solvent. Proton chemical shifts are 
relative to tetramethylsilane as an internal standard, while fluorine 
chemical shifts are relative to fluorotrichloromethane. Gas-liquid 
chromatographic analyses were carried out on a Hewlett-Packard 
Model 5700 A/3370B gas chromatograph using a column (6 f t  X 2 mm) 
packed with 1% OV-17 on 100/120 Gas-Chrom Q. 

Copper metal (electrolytic dust), purified, was purchased from 
Fisher Scientific Co. Bis(trifluoromethy1thio)mercury was prepared 
by the method of Man, Coffman, and Muetterties.'l The mercuric 
fluoride used in this preparation was purchased from Ozark-Ma- 
honing Company, Tulsa, Okla. Caution: The  toxicity of bis(trif1uo- 
romethylthi0)mercury has been reported.ll All reactions inuoluing 
this reagent should be carried out in a well-uentilated hood. 
Ethyl-p(trifluoromethy1thio)benzoate. Example 2. An inti- 

mate mixture of 21.87 g (0.0543 mol) of bis(trifluoromethy1thio)- 
mercury and 12.53 g (0.197 mol) of copper dust was heated a t  80-100 
"C until development of a bright orange color. Heating was continued 
a t  150 "C for 0.5 h. After cooling, 7.50 g (0.027 mol) of ethyl p-iodo- 
benzoate and 30 ml of DMF were added to the copper-colored residue, 
and the mixture was stirred and heated a t  110-120 "C for 3 h. The 
cooled dark reaction mixture was poured into 500 ml of water and 200 
ml of benzene. After stirring vigorously, the mixture was filtered 
through Celite, and the filter cake was washed with hot benzene. The 
combined benzene phases were washed with water, dried (MgS04), 
and filtered. The benzene was removed on a rotary evaporator to give 
6.10 g (90%) of ethyl P-(trifluoromethy1thio)benzoate that was 98.4% _ _  
purelby GLC. 

General  Procedure for t he  PreDaration of Neutral  Aryl Tri- 
fluoromethyl Sulfides. Ethyl o-(Trifluoromethylthio) benzoate. 
Example 6. A mixture of 15.0 g (0.0543 mol) of ethyl o-iodobenzoate, 
43.78 g (0.1087 mol) of Hg(SCF&, 25.07 g (0.395 mol) of copper dust, 
and 60 ml of DMF was stirred and heated at 110-120 "C for 1 h. The 
reaction mixture was worked up as in example 2 to give a quantitative 
yield of ethyl o-(trifluoromethy1thio)benzoate that was 97.9% pure 
by GLC. The slight yellow color of this crude product was removed 
by distillation, bp 70-71 "C (0.7 mm), n Z 5 D  1.4879. 

A solution of 5.0 g of ethyl o-(trifluoromethylthio)benzoate, 30 ml 
of ethanol, and 20 ml of 10% sodium hydroxide was refluxed for 1.5 
h. After cooling, the solut,ion was acidified with 6 N hydrochloric acid. 
The product was collected by filtration, dried, and recrystallized from 
a mixture of 60% hexane-40% benzene to give o-(trifluoromethyl- 
thio)benzoic acid, mp 119-121 "C. 

Anal. Calcd for CaH5F302S: C, 43.24; H, 2.27; F, 25.65. Found: C, 
43.31; H, 2.30; F. 25.86. 

General Procedure for t he  PreDaration of Basic Aryl Tri- 
fluoromethyl Sulfides. 3-Trifluoromethylthiopyridine. Example 
13. A mixture of 5.0 g (0.024 mol) of 3-iodopyridine,17 29.48 g (0.0732 
mol) of bis(trifluoromethylthio)mercury, 16.96 g (0.267 mol) of copper 
dust, and 50 ml of DMF was stirred and heated a t  110-120 "C for 3 
h. After cooling in an ice bath, 100 ml of ether and 50 ml of 5 N sodium 
hydroxide were added and the mixture was stirred overnight at room 
temperature. The mixture was filtered through Celite, and the 
aqueous phase was separated and extracted with two 100-ml portions 
of ether. All of the ether phases were combined, washed with three 
100-ml portions of water, dried (MgS04), and filtered, and the ether 
removed on a rotary evaporator. The yield of crude 3-trifluorometh- 
ylthiopyridine was 4.15 g (95%) that was 83.5% pure by GLC. The 
product was purified by distillation, bp 150-151 "C, n Z 5 D  1.4676. The 
l H  NMR (CDC13) showed three multiplets centered a t  6 7.42 (1 H), 
8.08 (1 H), and 8.83 (2 H), while the fluorine spectrum showed a sharp 
singlet a t  6 41.9. 

Anal. Calcd for C G H ~ F ~ N S :  C, 40.22; H, 2.25; N, 7.82; F, 31.82; S, 
17.89. Found: C, 39.79; H, 2.42; N, 7.79; F, 31.53; S, 17.80. 
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The oxidations of phenols in neutral aromatic solvents 
by sodium bismuthate has been shown to proceed by one- 
electron oxidation1 The principal products of such oxida- 
tions of 2,6-xylenol and related phenols were the corre- 
sponding polyphenylene oxides. When the reaction solvent 
was changed to acetic acid, no polymer was detected. The 
oxidation products for 2,6-xylenol were 2-acetoxy-2,6-di- 
methylcyclohexadien-3,5-one (I) and 3,3',5,5'-tetramethyl- 
diphenoquinone (11). A two-electron oxidation may be in- 
ferred from the acetoxy product. Adler, Holmberg, and 
Ryrfors have reported that the oxidation of mesitol (2,4,6- 
trimethylphenol) in aqueous acetic acid with sodium bis- 
muthate produced acetoxylated cyclohexadienone prod- 
ucts, which were similar to those formed by periodate, a 
two-electron oxidant.2 Adderley and Hewgill noted that so- 
dium bismuthate in acetic acid and lead tetraacetate in 
nonpolar solvents had the same effects on the oxidations of 
2-bromo-5(6)-tert-butyl-4-methoxyphenols.3 Additional 
results on this change of sodium bismuthate from a one- 
electron oxidant to a two-electron oxidant are given to fur- 
ther clarify this drastic product change. 

The oxidation of 2,6-xylenol in benzene by sodium bis- 
muthate affords the polyphenylene oxide in yields of 70 to 

When the phenol was dissolved in a 6% (w/v) solution 
of acetic acid in benzene and oxidized with sodium bis- 
muthate at reflux temperature, the yield of polymer de- 


