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A novel and convenient preparation of 
(Z)-3,3,3-trifluoropropyl alkyl ethers and their further 
transformation into CF3-substituted propyl acetals is 
described. 

Methods for the synthesis of fluorine-containing compounds 
have received attention in recent years, as such compounds 
often exhibit biological activity. 1 Generally, replacement of 
hydrogen by fluorine increases lipid solubility, thus enhancing 
the rate of absorption and transport of active compounds 
in vivo.2 In particular, the CF3 group is particularly lipophilic, 
and the selective introduction of the CF3 moiety into organic 
compounds has become one of the major targets in orano- 
fluorine chemistry.3 A building block approach, which pos- 
sessing high selectivity, mild reaction conditions and good 
yields, would be of particular significance. Many CF3- 
containing building blocks4 for introducing the CF3 group into 
organic compounds have been reported. On the other hand, enol 
ethers are valuable intermediates in organic synthesis by virtue 
of their rich chemistry,S and CF3-containing enol ethers should 
be potentially versatile CF3-containing building blocks. Al- 
though (Z)-3,3,3-trifluoropropenyl methyl and ethyl ethers were 
prepared 40 years ago,6 their preparation using 3,3,3-tri- 
fluoropropyne as a starting material has hampered its synthetic 
application. A more convenient synthetic method is highly 
desirable. Herein, we describe a novel and convenient synthesis 
of (Z)-3,3,3-trifluoropropenyl alkyl ethers in excellent yields 
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Table 1 Preparation of (Z)-3,3,3-trifluoropropenyl alkyl ethers 

ROH 2 Timeh Product 3" Yield (%/o>, 

MeOH 2a 1 3a 96 
EtOH 2b 1 3b 95 
PrOH 2c 1 3c 93 
PriOH 2d 1.5 3d 92 
H2C=CHCH20H 1.5 3e 86 
BuOH 2f 2.5 3fb d 

BuiOH 2g 3 3gb d 

a 3a-e were isolated and fully characterized by IR, 1H and 19F-NMR 
spectroscopy, MS, microanalysis or HRMS. b Determined by l9F NMR 
spectroscopy and further transformed into the acetal during distillation. 
c Isolated yield. d 100% conversion. 

(Scheme 1) and their transformation into CF3-substituted 
acetals (Scheme 2). 

A typical procedure for the preparation of (Z)-3,3,3-trifluoro- 
propenyl ethers is as follows. Potassium hydroxide (17.0 g, 
250 mmol) was dissolved in water (4 cm3) and alcohol 2 (R = 
Me, Et, Pr, Pri, allyl) (40 cm3), then 2-bromo-3,3,3-trifluoro- 
propene 1 (17.0 g, 100 mmol) was added dropwise with stirring, 
using dry ice-acetone as the coolant for the condenser. The 
reaction was exothermic and completed in 1-1.5 h. Excess 
alcohol was washed off with water. The crude product was dried 
over Na2S04 and distilled, to give only the cis-isomer (3a-e)S 
in yields of 8696% (Table 1). However, when R = Bu and Bui, 
the reaction must be carried out in the presence of 18-crown-6 
at 60 "C for 3-3 h. 19F NMR revealed that the enol ether 
products were formed quantitatively. Because the excess 
alcohol could not be removed by washing with water, the enol 
ethers were transformed into acetals during distillation. 

CF3-containing enol ethers are highly reactive towards 
alcohols. Several CF3-substituted acetals, another kind of CF3- 
containing building block? were readily obtained in high yields 
through treatment of the enol ethers with alcohol, catalysed by 

Table 2 Preparation of 3,3,3-trifluoropropyl acetals' 

Enol ether 3 
R Product 46 Yield (%y 

~~~ ~ 

Me 3a a 
Et 3b b 
Bu 3f f 
Bui 3g g 

96 
97 
90 
92 

a Reaction was carried out by mixing the enol ether 3 (30 mmol) with 
alcohol 2 (60 mmol) and PTSA (3 mmol) in CH2C12. This mixture was 
stirred at 40 "C for 2 h. b The products were characterized by IR, 1H and 19F 
NMR spectroscopy, MS, microanalysis or HRMS. c Isolated yield. 
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toluene-p-sulfonic acid, (PTSA) in CH2C12 at 40 "C (Scheme 2, 
Table 2). 

Compared with the reported methods, the present procedure 
possesses two advantages. Firstly, 2-bromo-3,3,3-trifluoro- 
propene may be directly used as starting material instead of 
3,3,3-tifluoropropyne, which is usually prepared from 
2-bromo-3,3,3-trifluoropropene in three steps.8 Secondly, the 
reaction can be carried out more conveniently because 2-bromo- 
3,3,3-trifluoropropene is a liquid (bp 34 "C) while 3,3,3-tri- 
fluoropropyne is a gas (bp -46 "C). 

Based on the fact that alkoxides react with alkynes to give the 
corresponding enol ethers,g the following mechanism is pro- 
posed (Scheme 3). 

We thank the National Natural Science Foundation of China 
for financial support and Dr. Anton Jensen for his helpful 
suggestion. 

Foot notes 
t Present address: Research Department, Mayo Clinic Jacksonville, 4500 
San Pablo Road, Jacksonville, FL, 32224, USA. 
$ Selected data for 3a: 6~ (CDC13) 3.8 (3 H, s), 4.58-4.76 (1 H, m) and 6.3 
(1 H, d, J 7.0 Hz); 6~ (CDCl3, CF3C02H) -20 (s, CF3). For 3b: 6~ 1.32 (3 
H, t, J 7.0 Hz), 4.0 (2 H, q, J 7.0 Hz), 4.56-4.74 (1 H, m) and 6.32 (1 H, d, 
J 7.0 Hz); 6~ -20 (s, CF3). For 3 ~ :  6~ 0.9 (3 H, t, J 7.0 Hz), 1.25-2.0 (2 H, 
m),3.8(2H,t,J7.0Hz),4.15-4.78(1H,m)and6.2(1H,d,J7.0Hz);6F 
-20 (s, CF3). For 3d: 6 H  1.25 (6 H, d, J7.0 Hz), 3.74.2 (1 H, m), 4.34.7 
(1 H, m), 6.3 (1 H, d, J7.0 Hz); 6~ -20 (s, CF3). For 3e: 6 H  4.41 (2 H, d, 
J5.0Hz),4.58-4.75(1H,m),5.24-5.42(2H,m),5.8~.0(1H,m)and6.35 
(1 H, d, J 7.5 Hz); 6F -20 (s, CF3). 
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