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An efficient and cost-effective method for the preparation of fluorinated conjugated enynes was described. The 
method was compatible with a variety of functional groups such as chloride, amine, cyano and ester group. The 
method could also be extended to the coupling of (R,Z)-3-(2-chloro-1,2-difluorovinyl)-4-alkyloxazolidin-2-one (3) 
with moderate yields. 
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Introduction 
Conjugated enynes are important structural motifs in 

medicinal chemistry and in conjugated polymers with 
optoelectronic application.[1] For example, Terbinafine 
(Lamisil™),[1d] an enyne derivative, is currently in 
clinical use as an antifungal medicine and carbazole- 
substituted phenyl enynes has been shown to be an ex-
cellent single-emitting component for white organic 
light-emitting devices (WOLEDs).[1e] In addition, con-
jugated enynes are valuable building blocks in organic 
synthesis that can be converted into a variety of differ-
ent functional groups.[2] On the other hand, it is 
well-known that incorporation of fluorine into small 
molecules will result in significant changes in their 
physical, chemical and biological properties.[3] Thus, 
fluorinated conjugated enynes are expected to be versa-
tile building blocks in the preparation of partially 
fluorinated molecules that might find applications in 
medicinal chemistry or materials science. Consequently, 
development of new methods for the preparation of 
fluorinated conjugated enynes is of great interest.  

In 1987, Normant et al.[4] reported the first palla-
dium-catalyzed coupling of fluorinated vinyl iodides 
with terminal alkynylzinc reagents for the preparation of 
fluorinated conjugated enynes. Although moderate to 
good yields were achieved in this approach, the prior 
generation of the requisite alkynyl zinc reagent was 
necessary. To circumvent the using of the alkynyl zinc 
reagent, Yang and Burton improved the reaction condi-
tions by using the combination of Pd(PPh3)2Cl2 and CuI 
as the catalyst in the presence of Et3N as the base.[5] 

Under these conditions, a number of alkynes were di-
rectly coupled with fluorinated vinyl iodides to give the 
desired fluorinated enynes in good yields. Nevertheless, 
both of these methods involved fluorinated vinyl iodides 
as the substrates that typically required multiple steps 
for their synthesis.  

More recently, we reported a palladium catalyzed 
Suzuki-Miyaura coupling reaction of chlorotrifluoro-
ethylene with a variety of aryl boronic acids for the 
formation of trifluorostyrene derivatives.[6] As part of 
our ongoing programs with the aim to utilize cheap and 
easily available chlorotrifluoroethylene as starting ma-
terial, we wondered if it could be possible to realize the 
Sonogashira reaction of chlorotrifluoroethylene with 
terminal alkynes. In general, carbon-chloride bond is 
much stronger than carbon-bromide and carbon-iodide 
bond, as a consequence, the activation of carbon-chlo-
ride bond is more difficult.[7] Few coupling reaction of 
fluorinated vinyl chlorides has been reported previ-
ously.[8] Herein, we reported a palladium/copper-cata-
lyzed direct coupling of chlorotrifluoroethylene with 
terminal alkynes in good to excellent yields.  

Experimental 
General procedure for preparation of compound 3 

A Schlenk-type tube (with a condenser) equipped 
with a magnetic stir bar charged with oxazolidinone (1.0 
mmol) was vacuumed and recharged with argon three 
times. THF (2.0 mL) was added and the solution was 
cooled to −78 ℃. n-BuLi (1.1 mmol) solution was then 
added slowly. The reaction mixture was stirred for 4 h at 
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this temperature. 5.0 mmol of chlorotrifluoroethylene in 
a balloon was condensed into the tube. And the tube was 
stirred for another 6 h at room temperature. The reaction 
was quenched with water when the oxazolidinone dis-
appeared as determined by TLC. The mixture was sepa-
rated and the water phase was extracted with ethyl ace-
tate three times. The organic phase was combined and 
concentrated. The resulting residue was purified by sil-
ica gel flash column chromatography to give 189.5 mg 
(84%) of (R,Z)-3-(2-chloro-1,2-difluorovinyl)-4-isopro-
pyloxazolidin-2-one (3a) and 238.1 mg (87%) of 
(R,Z)-3-(2-chloro-1,2-difluorovinyl)-4-benzyloxazolidin- 
2-one (3b) as pale yellow solid.  

(Z)-3-(2-Chloro-1,2-difluorovinyl)-4-isopropyloxa- 
zolidin-2-one (3a)  1H NMR (300 MHz, CDCl3, 293 K, 
TMS) δ: 4.47－4.41 (m, 1H), 4.24－4.20 (m, 1H), 4.06
－4.01 (m, 1H), 2.05－2.00 (m, 1H), 1.00－0.93 (m, 
6H); 19F NMR (282 MHz, CDCl3, 293 K, TMS) δ: 
−116.9 (dd, J＝116.7, 7.9 Hz, 1F), −127.9 (d, J＝124.6 
Hz, 1F); 13C NMR (100.5 MHz, CDCl3, 293 K, TMS) δ: 
154.2, 137.6 (m), 134.9 (m), 64.9, 60.2, 29.6, 17.3, 15.1. 
MS (EI) m/z (%): 225 (100). HRMS: Calculated for 
C8H10F2O2NCl: 225.0368, found 225.0370. 

(Z)-4-Benzyl-3-(2-chloro-1,2-difluorovinyl)oxa- 
zolidin-2-one (3b)  1H NMR (300 MHz, CDCl3, 293 K, 
TMS) δ: 7.37－7.30 (m, 3H), 7.21－7.19 (m, 2H), 4.42
－4.34 (m, 2H), 4.21－4.18 (m, 1H), 3.17－3.12 (m, 
1H), 2.89－2.83 (m, 1H); 19F NMR (282 MHz, CDCl3, 
293 K, TMS) δ: −113.8 (d, J＝124.6 Hz, 1F), −124.9 (d, 
J＝126.6 Hz, 1F); 13C NMR (100.5 MHz, CDCl3, 293 K, 
TMS) δ: 153.6, 137.5 (dd, J＝291.5, 68.9 Hz), 134.8 
(dd, J＝211.5, 46.2 Hz), 134.2, 129.0, 128.9, 127.6, 
68.2, 56.6, 39.0. MS (EI) m/z (%): 273 (100). HRMS: 
Calculated for C12H10F2O2NCl: 273.0368, found 
273.0372. 

General procedure A for preparation of fluorinated 
enynes (2a－2f, 2h, 2k, 2n, 2o) 

A Schlenk-type tube (with a condenser) equipped 
with a magnetic stir bar was charged with the alkyne 
(1.0 mmol), Pd(PPh3)4 (116 mg, 0.10 mmol), CuI (19.1 
mg, 0.10 mmol), tributylamine (37 mg, 0.20 mmol), 
K3PO4 (637 mg, 3.0 mmol). And the reaction tube was 
added benzene (2.0 mL) and water (0.7 mL). The tube 
was equipped with a dry ice/acetone condenser, and 
then evacuated briefly under high vacuum and charged 
with argon three times. 5 mmol of chlorotrifluoroethyl-
ene in a ballon was plunged into the tube. Then the re-
action mixture was stirred at 80 ℃ for 10 h. The reac-
tion was then cooled to room temperature. The mixture 
was extracted with 20 mL of diethyl ether three times. 
The organic phase was combined, dried with anhydrous 
Na2SO4. Silica gel (10.0 g) was added to the solution. 
The solvent was then evacuated under rotaty evaporator. 
The residue was purified by silica gel flash column 
chromatography using hexane as eluent. Further purifi-
cation was conducted by Kugelrohr distillation. 

General procedure B for preparation of fluorinated 
enynes (2g, 2i, 2j, 2l, 2m) 

A Schlenk-type tube equipped with a magnetic stir 
bar was charged with the alkyne (1.0 mmol), Pd(PPh3)4 
(116 mg, 0.10 mmol), CuI (191 mg, 1.0 mmol), K3PO4 
(637 mg, 3 mmol). The reaction tube was capped, then 
evacuated briefly under high vacuum and charged with 
argon for three times. Benzene (4.0 mL) and deionized 
water (1.4 mL) was added. Chlorotrifluoroethylene was 
bubbled for 5.0 min. The reaction mixture was stirred at 
80 ℃ for 10 h. The mixture was cooled to room tem-
perature and was extracted with 20 mL of diethyl ether 
for three times. The organic phase was combined, dried 
over anhydrous Na2SO4. Silica gel (10.0 g) was added 
to the solution. The solvent was then evacuated under 
rotaty evaporator. The residue was purified by silica gel 
flash column chromatography using hexane as eluent.  

General procedure C for preparation of fluorinated 
enynes (4a－4g) 

A Schlenk-type tube equipped with a magnetic stir 
bar was charged with the alkyne (1 mmol), compound 3 
(1.0 mmol), Pd(PPh3)2Cl2 (70.1 mg, 0.1 mmol), CuI 
(19.1 mg, 0.1 mmol). The reaction tube was evacuated 
briefly under high vacuum and charged with argon for 
three times. Triethylamine (96 mg, 1.0 mmol) and 
DMSO (2.0 mL) was then added. The reaction mixture 
was stirred at 45 ℃ for 10 h. The mixture was cooled 
to room temperature. The mixture was concentrated and 
the residue was purified by silica gel flash column 
chromatography to give the corresponding coupling 
product.  

1-Fluoro-4-(3,4,4-trifluorobut-3-en-1-ynyl)benzene 
(Table 2, 2a)  1H NMR (300 MHz, CDCl3, 293 K, 
TMS) δ: 7.48－7.45 (m, 2H), 7.06－7.02 (m, 2H); 19F 
NMR (282 MHz, CDCl3, 293 K, TMS) δ: −90.1－90.3 
(m, 1F), −108.1－108.2 (m, 1F), −110.1－110.6 (m, 1F), 
−172.0 (dd, J＝115.0, 26.8 Hz, 1F); 13C NMR (100.5 
MHz, CDCl3, 293 K, TMS) δ: 163.3 (d, J＝288 Hz), 
157.7 (td, J＝297.5, 52.3 Hz), 133.7 (m), 128.2 (d, J＝
0.8 Hz), 115.9 (m), 115.7 (m), 101.1 (m), 73.1 (m). MS 
(EI) m/z (%): 200 (100). HRMS: Calculated for C10H4F4: 
200.0249, found 200.0253. 

1-Methyl-4-(3,4,4-trifluorobut-3-en-1-ynyl)benzene 
(Table 2, 2b)  1H NMR (300 MHz, CDCl3, 293 K, 
TMS) δ: 7.39 (d, J＝8.0 Hz, 2H), 7.17 (d, J＝8.0 Hz, 
2H), 2.37 (s, 3H); 19F NMR (282 MHz, CDCl3, 293 K, 
TMS) δ: −91.2 (dd, J＝47.6, 27.9 Hz, 1F), −110.7 (dd,  
J＝114.8, 47.6 Hz, 1F), −171.5 (dd, J＝114.8, 27.9 Hz, 
1F); 13C NMR (100.5 MHz, CDCl3, 293 K, TMS) δ: 
157.6 (ddd, J＝296.5, 285.4, 52.7 Hz), 140.2, 131.5, 
129.2, 128.3, 116.0 (ddd, J＝222.1, 53.3, 30.8 Hz), 
102.5 (m), 72.7 (ddd, J＝32.2, 10.1, 3.0 Hz), 21.4. MS 
(EI) m/z (%): 196 (100). HRMS: Calculated for C11H7F3: 
196.0500, found 196.0504. 

1-Propyl-4-(3,4,4-trifluorobut-3-en-1-ynyl)benzene 
(Table 2, 2c)  1H NMR (300 MHz, CDCl3, 293 K, 
TMS) δ: 7.43－7.41 (m, 2H), 7.19－7.17 (m, 2H), 2.65 
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(t, J＝7.6 Hz, 2H), 1.68－1.62 (m, 2H), 0.95 (t, J＝7.6 
Hz, 3H); 19F NMR (282 MHz, CDCl3, 293 K, TMS) δ: 
−91.2 (dd, J＝47.6, 27.9 Hz, 1F), −111.2 (dd, J＝114.7, 
47.6 Hz, 1F), −171.5 (dd, J＝114.7, 47.6 Hz, 1F); 13C 
NMR (100.5 MHz, CDCl3, 293 K, TMS) δ: 157.6 (ddd, 
J＝296.5, 285.4, 53.3 Hz), 144.9, 131.5, 128.7, 118.0 
(ddd, J＝222.1, 53.3, 31.2 Hz), 115.9 (m), 102.5, 72.7 
(ddd, J＝32.2, 10.1, 3.1 Hz), 38.0, 24.2, 13.6. MS (EI) 
m/z (%): 224 (100). HRMS: Calculated for C13H11F3: 
224.0813, found 224.0817. 

1-tert-Butyl-4-(3,4,4-trifluorobut-3-en-1-ynyl)ben- 
zene (Table 2, 2d)  1H NMR (300 MHz, CDCl3, 293 K, 
TMS) δ: 7.45－7.37 (m, 4H), 1.32 (s, 9H); 19F NMR 
(282 MHz, CDCl3, 293 K, TMS) δ: −90.8 (dd, J＝47.6, 
27.4 Hz, 1F), −110.7 (dd, J＝114.7, 47.2 Hz, 1F), 
−171.2 (dd, J＝114.7, 47.2 Hz, 1F); 13C NMR (100.5 
MHz, CDCl3, 293 K, TMS) δ: 157.6 (ddd, J＝296.5, 
285.4, 52.7 Hz), 153.3, 131.4, 125.5, 117.8, 115.9 (ddd, 
J＝274.4, 53.3, 30.8 Hz), 102.5 (m), 72.7 (ddd, J＝32.2, 
10.1, 3.1 Hz), 34.9, 31.0. MS (EI) m/z (%): 238 (100). 
HRMS: Calculated for C14H13F3: 238.0969, found 
238.0973. 

1-Methoxy-4-(3,4,4-trifluorobut-3-en-1-ynyl)ben- 
zene (Table 2, 2e)  1H NMR (300 MHz, CDCl3, 293 K, 
TMS) δ: 7.42 (d, J＝8.8 Hz, 2H), 6.86 (d, J＝8.8 Hz 
2H), 3.81 (s, 3H); 19F NMR (282 MHz, CDCl3, 293 K, 
TMS) δ: −91.1 (dd, J＝48.0, 26.6 Hz, 1F), −110.9 (dd,  
J＝114.7, 47.7 Hz, 1F), −170.7 (dd, J＝114.3, 26.6 Hz, 
1F); 13C NMR (100.5 MHz, CDCl3, 293 K, TMS) δ: 
160.8, 157.5 (ddd, J＝296.5, 285.4, 53.2 Hz), 133.3, 
115.8 (ddd, J＝279.4, 58.3, 27.3 Hz), 114.1, 112.8, 
102.4 (m), 72.1 (ddd, J＝31.6, 9.6, 2.5 Hz), 55.3. MS 
(EI) m/z (%): 212 (100). HRMS: Calculated for 
C11H7F3O: 212.0449, found 212.0451. 

4-(3,4,4-Trifluorobut-3-en-1-ynyl)benzonitrile  
(Table 2, 2f)  1H NMR (300 MHz, CDCl3, 293 K, 
TMS) δ: 7.64 (d, J＝8.0 Hz, 2H), 7.56 (d, J＝8.4 Hz, 
2H); 19F NMR (282 MHz, CDCl3, 293 K, TMS) δ: 
−87.6 (dd, J＝40.1, 28.5 Hz, 1F), −108.1 (dd, J＝114.7, 
40.5 Hz, 1F), −173.3 (dd, J＝114.7, 28.5 Hz, 1F); 13C 
NMR (100.5 MHz, CDCl3, 293 K, TMS) δ: 157.8 (ddd, 
J＝298.5, 287.4, 50.6 Hz), 132.2, 131.8, 125.4, 117.9, 
115.4 (ddd, J＝223.1, 53.3, 31.2 Hz), 113.1, 100.2 (m), 
77.3 (m). MS (EI) m/z (%): 207 (100). HRMS: Calcu-
lated for C11H4F3N: 207.0296, found 207.0299. 

Methyl 4-(3,4,4-trifluorobut-3-en-1-ynyl)benzoate 
(Table 2, 2g)  1H NMR (300 MHz, CDCl3, 293 K, 
TMS) δ: 8.02 (d, J＝8.2 Hz, 2H), 7.54 (d, J＝8.2 Hz, 
2H), 3.89 (s, 3H); 19F NMR (282 MHz, CDCl3) δ: −89.2 
(dd, J＝42.7, 27.8 Hz, 1F), −109.5 (dd, J＝114.8, 42.7 
Hz, 1F), −173.1 (dd, J＝114.7, 27.8 Hz, 1F); 13C NMR 
(75 MHz, CDCl3, 293 K, TMS) δ: 166.0, 157.6 (ddd,   
J＝297.5, 286.5, 51.5 Hz), 131.2, 130.7, 129.5, 125.0, 
115.3 (ddd, J＝80.8, 54.1, 27.1 Hz), 101.2 (m), 75.7 
(ddd, J＝31.7, 9.9, 2.7 Hz), 52.2. MS(EI) m/z (%): 
209.1 (100). HRMS: Calculated for C12H7F3O2: 
2240.0398, found 240.0395. 

1-Fluoro-2-(3,4,4-trifluorobut-3-en-1-ynyl)benzene 
(Table 2, 2h)  1H NMR (300 MHz, CDCl3, 293 K, 
TMS) δ: 7.48－7.35 (m, 2H), 7.15－7.07 (m, 2H); 19F 
NMR (282 MHz, CDCl3, 293 K, TMS) δ: −89.4－89.6 
(m, 1F), −108.6 (m, 1F), −109.2－109.7 (m, 1F), −172.4
－172.8 (m, 1F); 13C NMR (100.5 MHz, CDCl3, 293 K, 
TMS) δ: 162.4 (d, J＝296.5 Hz), 157.7 (ddd, J＝297.5, 
286.5, 51.5 Hz), 133.2, 131.7, 128.8, 124.1, 115.7 (d,  
J＝20.7 Hz), 115.6 (ddd, J＝232.2, 54.3, 30.2 Hz), 95.7 
(m), 77.9 (m). MS (EI) m/z (%): 200 (100). HRMS: 
Calculated for C10H4F3: 200.0249, found 200.0247.  

1-Chloro-2-(3,4,4-trifluorobut-3-en-1-ynyl)benzene 
(Table 2, 2i)  1H NMR (400 MHz, CDCl3, 293 K, 
TMS) δ: 7.88－6.71 (m, 4H); 19F NMR (376 MHz, 
CDCl3, 293 K) δ: −89.2 (dd, J＝43.0, 27.8 Hz, 1F), 
−109.2 (dd, J＝114.7, 43.3 Hz, 1F), −172.6 (dd, J＝
114.9, 27.8 Hz, 1F); 13C NMR (100.5 MHz, CDCl3, 293 
K, TMS) δ: 157.70 (ddd, J＝297.4, 286.5, 51.5 Hz), 
133.17, 130.73, 129.47, 128.29, 126.56, 120.99, 115.66 
(ddd, J＝221.4, 53.0, 30.6 Hz), 98.80 (ddd, J＝10.2, 8.4, 
5.3 Hz), 78.03 (ddd, J＝31.9, 9.9, 2.8 Hz). MS (EI) m/z 
(%): 216 (100). HRMS: Calculated for C10H4F3Cl: 
215.9954, found 215.9957. 

1-Chloro-3-(3,4,4-trifluorobut-3-en-1-ynyl)benzene 
(Table 2, 2j)  1H NMR (400 MHz, CDCl3, 293 K, 
TMS) δ: 7.70－6.90 (m, 4H); 19F NMR (376 MHz, 
CDCl3, 293 K) δ: −89.3 (dd, J＝44.0, 27.9 Hz, 1F), 
−109.6 (dd, J＝114.9, 43.9 Hz, 1F), −172.6 (dd, J＝
114.9, 27.9 Hz, 1F); 13C NMR (100.5 MHz, CDCl3, 293 
K, TMS) δ: 157.73 (ddd, J＝297.3, 286.2, 51.5 Hz), 
134.47, 131.28 (m), 130.02, 129.75, 129.60 (m), 128.31, 
115.6 (ddd, J＝222.2, 53.5, 30.6 Hz), 100.64 (ddd, J＝
10.1, 8.3, 5.2 Hz), 74.38 (ddd, J＝12.9, 9.6, 2.7 Hz). 
MS (EI) m/z (%): 216 (100). HRMS: Calculated for 
C10H4F3Cl: 215.9954, found 215.9949. 

3-(3,4,4-Trifluorobut-3-en-1-ynyl)aniline (Table 2, 
2k)  1H NMR (300 MHz, CDCl3, 293 K, TMS) δ: 7.20 
(t, J＝8.0 Hz, 1H), 6.87 (d, J＝7.6 Hz, 1H), 6.77 (s, 1H), 
6.70－6.67 (m, 1H), 3.70 (s, 2H); 19F NMR (282 MHz, 
CDCl3, 293 K, TMS) δ: −90.4 (dd, J＝46.1, 27.4 Hz, 
1F), −110.4 (dd, J＝114.0, 46.1 Hz, 1F), −171.4 (dd,   
J＝114.7, 27.4 Hz, 1F); 13C NMR (100.5 MHz, CDCl3, 
293 K, TMS) δ: 157.4 (ddd, J＝297.3, 286.2, 51.5 Hz), 
146.4, 129.4, 121.8, 121.4, 117.4, 116.6 (m), 116.2, 
102.5 (m), 72.7 (m). MS (EI) m/z (%): 197 (100). 
HRMS: Calculated for C10H6F3N: 197.0452, found 
197.0449. 

2-(3,4,4-Trifluorobut-3-en-1-ynyl)thiophene (Table 
2, 2l)  1H NMR (400 MHz, CDCl3, 293 K) δ: 7.61 (d,  
J＝2.0 Hz, 1H), 7.32 (dd, J＝4.9, 2.9 Hz, 1H), 7.17 (d, 
J＝4.7 Hz, 1H); 19F NMR (376 MHz, CDCl3, 293 K) δ: 
−90.1 (dd, J＝46.0, 27.2 Hz, 1F), −110.2 (dd, J＝115.1, 
46.1 Hz, 1F), −171.6 (dd, J＝115.1, 27.2 Hz, 1F); 13C 
NMR (100.5 MHz, CDCl3, 293 K, TMS) δ: 158.1 (ddd, 
J＝299.9, 292.9, 54.5 Hz), 130.99, 129.48, 125.96, 
119.94, 115.80 (ddd, J＝221.3, 52.6, 30.5 Hz), 97.47 
(ddd, J＝9.9, 8.1, 5.0 Hz), 72.97 (ddd, J＝12.8, 9.6, 2.7 
Hz). MS (EI) m/z (%): 188 (100). HRMS: Calculated 
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for C8H3F3S: 187.9908, found 187.9912. 
2-Methoxy-6-(3,4,4-trifluorobut-3-en-1-ynyl)naph- 

thalene (Table 2, 2m)  1H NMR (300 MHz, CDCl3, 
293 K, TMS) δ: 7.95－7.11 (m, 6H), 3.93 (s, 3H); 19F 
NMR (282 MHz, CDCl3, 293 K, TMS) δ: −90.4 (dd,   
J＝46.8, 27.4 Hz, 1F), −110.4 (dd, J＝114.7, 46.8 Hz, 
1F), −171.1 (dd, J＝114.7, 26.6 Hz, 1F); 13C NMR 
(100.5 MHz, CDCl3, 293 K, TMS) δ: 168.9, 157.6, 
149.1, 134.9, 132.0, 129.6, 128.9, 128.2, 127.0, 119.8, 
115.6, 105.8, 98.7, 73.5 (m), 55.3. MS (EI) m/z (%): 262 
(100). HRMS: Calculated for C15H9F3O: 262.0605, 
found 262.0604. 

4,5,5-Trifluoropent-4-en-2-ynyl benzoate (Table 2, 
2n)  1H NMR (300 MHz, CDCl3, 293 K, TMS) δ:  
8.08－8.03 (m, 2H), 7.57－7.55 (m, 1H), 7.46－7.42 
(m, 2H), 5.12－5.10 (m, 2H); 19F NMR (282 MHz, 
CDCl3, 293 K, TMS) δ: −87.9－88.0 (m, 1F), −108.9－
109.3 (m, 1F), −173.5－173.9 (m, 1F); 13C NMR (100.5 
MHz, CDCl3, 293 K, TMS) δ: 165.6, 158.2 (ddd, J＝
297.3, 286.2, 51.5 Hz), 133.5, 129.8, 129.0, 128.5, 
115.1 (m), 97.4 (m), 71.4 (m), 52.4. MS (EI) m/z (%): 
240 (100). HRMS: Calculated for C12H7F3O2: 240.0398, 
found 240.0400. 

(4,5,5-Trifluoropent-4-en-2-ynyl)benzene (Table 2, 
2o)  1H NMR (300 MHz, CDCl3, 293 K, TMS) δ:  
7.34－7.23 (m, 5H), 3.84－3.82 (m, 2H); 19F NMR 
(282 MHz, CDCl3, 293 K, TMS) δ: −91.2－91.4 (m, 
1F), −112.1－112.5 (m, 1F), −171.4－171.8 (m, 1F); 
13C NMR (100.5 MHz, CDCl3, 293 K, TMS) δ: 157.9 
(ddd, J＝290.5, 289.4, 52.3 Hz), 128.7, 128.3, 127.9, 
127.0, 115.0, 101.9 (m), 67.3 (m), 25.8. MS (EI) m/z 
(%): 196 (100). HRMS: Calculated for C11H7F3: 
196.0500, found 196.0499. 

(E)-3-(1,2-Difluoro-4-phenyl-but-1-en-3-ynyl)-4- 
isopropyloxazolidin-2-one (Table 3, 4a)  1H NMR 
(300 MHz, CDCl3, 293 K, TMS) δ: 7.47－7.25 (m, 5H), 
6.95－6.76 (m, 2H), 4.48－4.43 (m, 1H), 4.25－4.08 
(m, 2H), 2.08－2.04 (m, 1H), 1.02－0.96 (m, 6H); 19F 
NMR (282 MHz, CDCl3, 293 K, TMS) δ: −131.9 (dd,  
J＝128.6, 1.5 Hz, 1F), −157.6 (d, J＝128.2 Hz, 1F); 13C 
NMR (100.5 MHz, CDCl3, 293 K, TMS) δ: 135.5, 131.1, 
128.8, 127.0, 113.2, 113.0, 64.8, 60.5, 29.6, 17.4, 15.2; 
MS (EI) m/z (%): 291 (100). HRMS: Calculated for 
C16H15F2O2N: 291.1071, found 291.1068. 

(E)-3-(1,2-Difluoro-4-p-tolylbut-1-en-3-ynyl)-4- 
isopropyloxazolidin-2-one (Table 3, 4b)  1H NMR 
(300 MHz, CDCl3, 293 K, TMS) δ: 7.47－7.19 (m, 4H), 
4.49－4.45 (m, 1H), 4.26－4.11 (m, 2H), 2.38 (s, 3H), 
2.09－2.05 (m, 1H), 1.02－0.97 (m, 6H); 19F NMR 
(282 MHz, CDCl3, 293 K, TMS) δ: −127.8 (d, J＝121.2 
Hz, 1F), −149.9 (d, J＝118.4 Hz, 1F); 13C NMR (100.5 
MHz, CDCl3, 293 K, TMS) δ: 154.8, 145.3, 138.6, 
130.5, 128.4, 128.0, 126.2, 122.9, 102.4, 72.1, 64.9, 
60.6, 29.7, 21.4, 17.5, 15.3. MS (EI) m/z (%): 305 (100). 
HRMS: Calculated for C17H17F2O2N: 305.1227, found 
305.1231. 

(E)-3-(1,2-Difluoro-4-(4-methoxyphenyl)but-1-en- 
3-ynyl)-4-isopropyloxazolidin-2-one (Table 3, 4c)  

1H NMR (300 MHz, CDCl3, 293 K, TMS) δ: 7.61－
6.93 (m, 4H), 4.47－4.44 (m, 1H), 4.27－4.08 (m, 2H), 
3.85 (s, 3H), 2.13－2.02 (m, 1H), 1.03－0.96 (m, 6H); 
19F NMR (282 MHz, CDCl3, 293 K, TMS) δ: −130.6 (d, 
J＝128.9 Hz, 1F), −144.2 (d, J＝128.6 Hz, 1F); 13C 
NMR (100.5 MHz, CDCl3, 293 K, TMS) δ: 135.5, 131.1, 
128.8, 127.0, 113.2, 113.0, 64.8, 60.5, 55.2, 29.6, 17.4, 
15.2. MS (EI) m/z (%): 321 (100). HRMS: Calculated 
for C17H17F2O3N: 321.1176, found 321.1181. 

(E)-3-(1,2-Difluoro-4-m-tolylbut-1-en-3-ynyl)-4- 
isopropyloxazolidin-2-one (Table 3, 4d)  1H NMR 
(300 MHz, CDCl3, 293 K, TMS) δ: 7.58－7.22 (m, 4H), 
4.51－4.45 (m, 1H), 4.27－4.13 (m, 2H), 2.41－2.40 
(m, 3H), 2.11－2.06 (m, 1H), 1.04－0.97 (m, 6H); 19F 
NMR (282 MHz, CDCl3, 293 K, TMS) δ: −128.2 (d,   
J＝118.4 Hz, 1F), −149.6 (d, J＝121.2 Hz, 1F); 13C 
NMR (100.5 MHz, CDCl3, 293 K, TMS) δ: 154.9, 139.9, 
134.6, 129.2, 125.6, 102.4, 72.1, 65.0, 60.0, 29.7, 21.3, 
17.5, 15.3. MS (EI) m/z (%): 305 (100). HRMS: Calcu-
lated for C17H17F2O2N: 305.1227, found 305.1225. 

(E)-3-(1,2-Difluoro-4-(6-methoxynaphthalen-2-yl)- 
but-1-en-3-ynyl)-4-isopropyloxazolidin-2-one (Table 
3, 4e)  1H NMR (300 MHz, CDCl3, 293 K, TMS) δ: 
7.98－7.48 (m, 4H), 7.19－7.11 (m, 2H), 4.48－4.42 (m, 
1H), 4.26－4.11 (m, 2H), 3.93 (s, 3H), 2.44－2.41 (m, 
3H), 2.11－2.07 (m, 1H), 1.02－0.98 (m, 6H); 19F NMR 
(282 MHz, CDCl3, 293 K, TMS) δ: −122.4 (d, J＝121.6 
Hz, 1F), −144.8 (d, J＝126.8 Hz, 1F); 13C NMR (100.5 
MHz, CDCl3, 293 K, TMS) δ: 158.9, 149.1, 134.9, 
132.1, 129.6, 128.2, 127.1, 123.9, 119.8, 115.5, 105.8, 
98.7, 74.8, 64.9, 60.4, 55.4, 29.7, 17.4, 15.2. MS (EI) 
m/z (%): 371 (100). HRMS: Calculated for 
C21H19F2O3N: 371.1333, found 371.1329. 

(E)-4-Benzyl-3-(1,2-difluoro-4-p-tolylbut-1-en-3- 
ynyl)oxazolidin-2-one (Table 3, 4f)  1H NMR (300 
MHz, CDCl3, 293 K, TMS) δ: 7.42－7.17 (m, 9H),  
4.41－4.34 (m, 2H), 4.21－4.18 (m, 1H), 3.23－3.18 
(m, 1H), 2.88－2.82 (m, 1H), 2.38 (s, 3H); 19F NMR 
(282 MHz, CDCl3, 293 K, TMS) δ: −122.7 (d, J＝181.0 
Hz, 1F), −144.4 (d, J＝180.8 Hz, 1F); 13C NMR (100.5 
MHz, CDCl3, 293 K, TMS) δ: 153.5, 149.1, 143.3 (dd,  
J＝261.3, 51.4 Hz), 140.4, 134.3, 131.7, 131.3 (dd, J＝
230.2, 65.1 Hz), 129.3, 129.0, 127.5, 117.6, 102.6, 74.6, 
68.1, 56.9, 38.9, 21.6. MS (EI) m/z (%): 353 (100). 
HRMS: Calculated for C21H17F2O2N: 353.1227, found 
353.1222. 

(E)-4-Benzyl-3-(1,2-difluoro-4-(4-methoxyphenyl)- 
but-1-en-3-ynyl)oxazolidin-2-one (Table 3, 4g)  1H 
NMR (300 MHz, CDCl3, 293 K, TMS) δ: 7.47－6.87 
(m, 9H), 4.37－4.34 (m, 2H), 4.21－4.18 (m, 1H), 3.68 
(s, 3H), 3.23－3.18 (m, 1H), 2.88－2.82 (m, 1H); 19F 
NMR (282 MHz, CDCl3, 293 K, TMS) δ: −122.7 (d,   
J＝128.9 Hz, 1F), −144.4 (d, J＝130.6 Hz, 1F); 13C 
NMR (100.5 MHz, CDCl3, 293 K, TMS) δ: 153.5, 149.1, 
143.3 (m), 134.3, 133.5, 132.7, 131.2 (m), 129.0, 127.5, 
123.9, 117.6, 102.6 (m), 74.6 (m), 68.1, 56.9, 55.8, 38.9. 
MS (EI) m/z (%): 369 (100). HRMS: Calculated for 
C21H17F2O3N: 369.1176, found 369.1180. 
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Results and Discussion 
 We began our investigation by studying the stoichi-

ometric reaction of previously isolated [trans-(PPh3)2-
Pd(CF＝CF2)(Cl)][9] 1 with 3-phenyl-1-propyne under 
various conditions. Heating of [trans-(PPh3)2Pd(CF＝
CF2)(Cl)] 1 with 3-phenyl-1-propyne in THF, benzene 
or toluene in the present of 5 mol% CuI as additive and 
1.0 equivalent of Et3N or K3PO4 as the base generated 
the corresponding fluorinated enyne in less than 5% 
yield. Interestingly, the yield was increased to 58% 
when the reaction was conducted in benzene with 1.1 
equivalent of CuI as the additive and K3PO4 as the base. 
Lowering the reaction temperature to room temperature 
led to higher yield (82%) (Eq. 1), possibly due to the 
slowing down of the unwanted competition dimerization 
of the alkyne. Since we have determined previously that 
oxidative addition of chlorotrifluoroethylene to Pd(0) 
occurred at 80 ℃,[6] the stoichiometric reaction indi-
cated that that oxidative-addition of chlorotrifluoro-
ethylene to Pd(0) species was much slower than those of 
transmetalation and reductive-elimination steps. Thus, if 
a suitable ligand can be identified to facilitate the oxida-
tive-addition of chlorotrifluoroethylene to Pd(0) spe-
cies,[8] the efficient Pd-catalyzed cross-coupling of 
chlorotrifluoroethylene and terminal alkynes might be 
accomplished under mild conditions. 

HBnPd PPh3Ph3P

Cl

F
F

F
F

F F

Bn

+
K3PO4

Benzene
r.t., 10 h

82%

(1)
1.1 equiv. CuI

1
 

Guided by these stoichiometric investigations, we first 
examined various supporting ligands, especially those 

known to accelerate the oxidative-addition step for the 
model reaction between chlorotrifluoroethylene and 
3-phenyl-1-propyne. Surprisingly, no desired fluorinated 
conjugated enyne was observed when tri-o-tolylphos-
phine (P(o-tol)3), butyl-di-1-adamantyl phosphine 
(Ad2PBu), tri-tert-butylphosphine, 2-(dicyclohexyl-
phosphino)biphenyl (CyJohnPhos), 2-dicyclohexyl-
phosphino-2'-(N,N-dimethylamino)biphenyl (DavePhos) 
or 2-dicyclohexylphosphino-2',6'-dimethoxybiphenyl 
(SPhos)[10] was used as the ligand when the reaction was 
conducted in benzene with 1.1 equivalent of CuI as the 
additive and K3PO4 as the base (Table 1, Entries 1－6). 
In contrast, when triphenylphosphine was used as the 
ligand, the desired product was formed in 69% yield 
under otherwise identical conditions (Table 1, Entry 7). 
Replacing Pd(dba)2 with Pd(OAc)2 resulted in com-
pletely shutting down the reaction (Table 1, Entry 8). 
Using Pd(PPh3)2Cl2 as the catalyst formed the product 
in lower 33% yield while using Pd(PPh3)4 led to much 
higher 82% yield (Table 1, Entries 9 and 10). The effect 
of the solvent and the base was further evaluated. Reac-
tion in THF was less efficient than those in benzene 
(Table 1, Entry 11). Reaction using Et3N or i-Pr2NH as 
the base was not effective at all (Table 1, Entries 12 and 
13). When the amount of CuI was reduced to 20 mol%, 
the yield of the fluorinated conjugated enyne was de-
creased to 20 mol% (Table 1, Entry 14). Interestingly, 
the yield was significantly improved to 87% when 20 
mol% of Bu3N was used as an additive and a mixed 
solvent of benzene/water (3/1, V/V) was used (Table 1, 
Entries 15－17). Reaction in a mixed solvent of tolu-
ene/water under otherwise same conditions gave the 
product in 85% yield (Table 1, Entry 18). It is likely that 
the presence of water increased the solubility of K3PO4 
that facilitated the transmetalation step of the catalytic 
cycle.[11]

Table 1  Optimization for Pd-catalyzed coupling of chlorotrifluoroethylene with 3-phenyl-1-propynea 

F

F F

Cl
F

F F

Bn

HBn+

Pd/L
CuI

Base, solvent
80 oC, 10 h

 

Entry Pd source Ligand Solvent CuI Base Yieldb/% 

1 Pd(dba)2 P(oTol)3 Benzene 1.1 equiv. K3PO4 － 
2 Pd(dba)2 Ad2PBu Benzene 1.1 equiv. K3PO4 － 
3 Pd(dba)2 t-Bu3P Benzene 1.1 equiv. K3PO4 － 
4 Pd(dba)2 CyJohnPhos Benzene 1.1 equiv. K3PO4 － 
5 Pd(dba)2 DavePhos Benzene 1.1 equiv. K3PO4 － 
6 Pd(dba)2 SPhos Benzene 1.1 equiv. K3PO4 － 
7 Pd(dba)2 PPh3 Benzene 1.1 equiv. K3PO4 69 
8 Pd(OAc)2 PPh3 Benzene 1.1 equiv. K3PO4 － 
9 Pd(PPh3)4 － Benzene 1.1 equiv. K3PO4 82 
10 Pd(PPh3)2Cl2 － Benzene 1.1 equiv. K3PO4 33 
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Continued 

Entry Pd source Ligand Solvent CuI Base Yieldb/% 

11 Pd(PPh3)4 － THF 1.1 equiv. K3PO4 52 
12 Pd(PPh3)4 － Benzene 1.1 equiv. Et3N － 
13 Pd(PPh3)4 － Benzene 1.1 equiv. i-Pr2NH － 
14 Pd(PPh3)4 － Benzene 10 mol% K3PO4 20 
15 Pd(PPh3)4 － Benzene/H2O (5/1) 10 mol% K3PO4 43c 
16 Pd(PPh3)4 － Benzene/H2O (3/1) 10 mol% K3PO4 87c 
17 Pd(PPh3)4 － Benzene/H2O (1/1) 10 mol% K3PO4 71c 
18 Pd(PPh3)4 － Toluene/H2O (3/1) 10 mol% K3PO4 85c 

a Reaction conditions: 3-phenyl-1-propyne (1.0 mmol), excess chlorotrifluoroethylene, palladium precursor (10 mol%), ligand (20 mol%), 
base (3.0 mmol) in 2.0 mL solvent. b The yield was determined by 19F NMR spectroscopy with fluorobezene as an internal standard. c 20 
mol% Bu3N was added as additive.

The scope of Sonogashira reaction of a variety of 
alkynes with chlorotrifluoroethylene in the presence of 
palladium catalyst and CuI as additive is shown in Table 
2. A wide range of alkynes were readily converted to the 
corresponding fluorinated conjugated enynes in moder-
ate to excellent yields. Reactions of both electron-rich 
and electron-poor aryl substituted alkynes gave the cor-
responding products in good to excellent yields (Table 2, 
2a－2m). It was found that the reaction conditions were 
compatible with various functional groups such as ester, 
amine, cyano group (Table 2, 2f, 2g, 2i and 2n). Notably, 
2- or 3-chlorophenylethyne also coupled with chloro-
trifluoroethylene to give the corresponding enynes in 
65% and 61% yield, respectively (Table 2, Entries 2i 
and 2j), which indicated that C－Cl bond in chloro-
trifluoroethylene is more reactive than those in aryl 
chlorides that has been observed in the palladium-cata-
lyzed Suzuki-coupling of chlorotrifluoroethylene with 
aryl boronic acids. The presence of chloride in the 
products is very useful for further synthetic manipula-
tions. Reaction of heteroaryl alkyne such as 2-thiophe-
nylethyne occurred smoothly to give the corresponding 
product in 48% yield (Table 2, 2l). Reactions of alkyl 
alkynes generated the corresponding enynes in excellent 
yields (Table 2, 2n and 2o). 

To further expand the scope of the reaction, we fur-
ther studied the reaction of (R,Z)-3-(2-chloro-1,2-di-
fluorovinyl)-4-alkyloxazolidin-2-one (3a and 3b) with 
alkynes. After careful investigation of various reaction 
parameters, it was found that reaction of compound 3a 
with phenylacetylene occurred smoothly to give the 
coupled product in 64% yield when 10 mol% of 
Pd(PPh3)2Cl2 was used as the catalyst, 20 mol% of CuI 
was used as cocatalyst and Et3N was used as base in 
DMSO. A variety of aryl alkynes were subjected to the 
catalytic conditions to give the product in moderate to 
good yield, as summarized in Table 4. In general, these 
reactions were faster than those of chlorotrifluoroethyl-
ene and the reaction typically required 10 h at 45 ℃. At 
higher temperature, the yields dropped significantly. 

Table 2  Scope of Pd-catalyzed coupling of chlorotrifluoro-
ethylene with alkynesa,b 

F

F

Cl

F

F

F F

R

R
3.0 equiv. K3PO4

benzene/H2O (3/1)
80 oC, 10 h

10 mol% Pd(PPh3)4
10 mol% CuI
20 mol% Bu3N

2a - 2o

+

 

S
F

F

F

F

F

R

F
F

F
R

F

MeO

F
F

F

F
F

F
PhCO2

F
F

F
Bn

F

R

F
F

R = Cl, 61%, 2jc

       NH2, 78%, 2k
R = F, 78%, 2h
       Cl, 65%, 2ic

48%, 2lc

R = F, 81%, 2a
      Me, 86%, 2b
      n-Pr, 84%, 2c
      t-Bu, 88%, 2d
      OMe, 88%, 2e
      CN, 78%, 2f
      CO2Me, 38%, 2gc

55%, 2mc

82%, 2n

82%, 2o

a Reaction conditions: alkyne (1.0 mmol), excess chlorotrifluoro-
ethylene, Pd(PPh3)4 (10 mol%), CuI (10 mol%), n-Bu3N (20 
mol%), K3PO4 (3.0 mmol) in 2.0 mL of benzene/H2O (3/1) at 80 
℃ for 10 h. b Isolated yields. c 1.0 equivalent of CuI was used. 

Conclusions 
In summary, an efficient and cost-effective method 

for the preparation of fluorinated conjugated enynes has 
been successfully developed. The method was compati-
ble with a variety of functional groups such as chloride, 
amine, cyano and ester group. The method could also be 
extended to the coupling of (R,Z)-3-(2-chloro-1,2-di- 
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Table 3  Scope of Pd-catalyzed coupling of (R,Z)-3-(2-chloro- 
1,2-difluorovinyl)-4-alkyloxazolidin-2-one 3 with alkynesa,b 

Cl
N

O

O

R

F

F R' H+

F

F O

O

N

R

R'

R = i-Pr, 3a
      Bn, 3b

NEt3 (1.0 equiv.)
DMSO

45 oC, 10 h

4

10 mol% Pd(PPh3)2Cl2
20 mol% CuI

 

O

O

N

i-Pr

F

F

Me

N

O

F

R''

O
i-Pr

F

OF

N
O

i-Pr

MeO

F

F

R''

N
O

O

Bn
F

R'' = H, 64%, 4a
        Me, 58%, 4b
       OMe, 66%, 4c

59%, 4e

59%, 4d

R'' = Me, 66%, 4f
        OMe, 63%, 4g

a Reaction conditions: alkyne (1.2 mmol), (R,Z)-3-(2-chloro-1,2- 
difluorovinyl)-4-alkyloxazolidin-2-one (3) (1.0 mmol), Pd(PPh3)2-
Cl2 (10 mol%), CuI (10 mol%), Et3N (20 mol%) in 2.0 mL of 
DMSO at 45 ℃ for 10 h. b Isolated yields. 

fluorovinyl)-4-alkyloxazolidin-2-one (3) with moderate 
yields. Work is ongoing to elucidate the mechanism of 
the reaction and to further explore the reactivity of 
chlorotrifluoroethylene. 

Acknowledgement 
The authors gratefully acknowledge the financial 

support from National Basic Research Program of 
China (Nos. 2012CB821600, 2010CB126103), the Key 
Program of Natural Science Foundation of China (No. 

21032006), National Natural Science Foundation of 
China (Nos. 21172245, 21172244, B020304), Agro- 
scientific Research in the Public Interest (No. 
201103007), the National Key Technologies R&D Pro-
gram (No. 2011BAE06B05), Shanghai Scientific Re-
search Program (No. 10XD1405200), and SIOC. 

References 
[1] (a) Konishi, M.; Ohkuma, H.; Matsumoto, K.; Tsuno, T.; Kamei, H.; 

Miyake, T.; Oki, T.; Kawaguchi, H.; Van Duyne, G. D.; Clardy, J. J. 
Antibiot. 1989, 42, 1449; (b) Nussbaumer, P.; Leitner, L.; Marz, K.; 
Stutz, A. J. Med. Chem. 1995, 38, 1831; (c) De Luca, A.; 
Cozzi-Lepri, A.; Antinori, A.; Zaccarelli, M.; Bongiovanni, M.; Di 
Giambenedetto, S.; Marconi, P.; Cicconi, P.; Resta, F.; Grisorio, B.; 
Ciardi, M.; Cauda, R.; d'Arminio, A. M. Antiviral Ther. 2006, 11, 
609; (d) Nussbaumer, P.; Leitner, L.; Marz, K.; Stutz, A. J. Med. 
Chem. 1995, 38, 1831; (e) Liu, Y.; Nishiura, M.; Wang, Y.; Hou, Z. J. 
Am. Chem. Soc. 2006, 128, 5592.  

[2] (a) Trost, B. M. Angew. Chem., Int. Ed. 1995, 34, 259; (b) Wessig, P.; 
Muller, G. Chem. Rev. 2008, 108, 2051; (c) Nicolaou, K. C.; Dai, W. 
M.; Tsay, S. C.; Estevez, V. A.; Wrasidlo, W. Science 1992, 256, 
1172; (d) Nicolaou, K. C.; Smith, A. L. In Modern Acetylene Chem-
istry, Eds.: Stang, P. J., Diederich, F., VCH, Weinheim, 1995. 

[3] (a) Umemoto, T. In Fluorine-Containing Synthons, Ed.: Soloshonok, 
V. A., American Chemical Society, Washington, DC, 2005; (b) Hu, 
J.-B.; Zhang, W.; Wang, F. Chem. Commun. 2009, 7465; (c) Cahard, 
D.; Xu, X.; Couve-Bonnaire, S.; Pannecoucke, X. Chem. Soc. Rev. 
2010, 39, 558; (d) Ma, J.-A.; Cahard, D. Chem. Rev. 2004, 104, 6119; 
(e) Ma, J.-A.; Cahard, D. Chem. Rev. 2008, 108, PR1; (f) Nie, J.; 
Guo, H.-C.; Cahard, D.; Ma, J.-A. Chem. Rev. 2011, 111, 455; (g) 
Wang, J.; Liu, H. Chin. J. Org. Chem. 2011, 31, 1785. 

[4] (a) Tellier, F.; Suvetre, R.; Normant, J. F. Tetrahedron Lett. 1986, 27, 
3147; (b) Tellier, F.; Sauvetre, R.; Normant, J. F. J. Organomet. 
Chem. 1987, 328, 1. 

[5] (a) Yang, Z.-Y.; Burton, D. J. Tetrahedron Lett. 1990, 31, 1369; (b) 
Yang, Z.-Y.; Morken, P. A.; Burton, D. J. J. Fluorine Chem. 1991, 52, 
443; (c) Yang, Z.-Y.; Burton, D. J. J. Fluorine Chem. 1991, 53, 307. 

[6] Xu, C.-F.; Chen, S.; Lu, L.; Shen, Q. J. Org. Chem. 2012, 77, 10314. 
[7] Littke, A. F.; Dai, C.; Fu, G. C. J. Am. Chem. Soc. 2000, 122, 4020. 
[8] (a) Yamamoto, T.; Yamakawa, T. Org. Lett. 2012, 14, 3454; (b) Qiu, 

J.; Gyorokos, A.; Tarasow, T. M.; Guiles, J. J. Org. Chem. 2008, 73, 
9775; (c) Andrei, D.; Wnuk, S. F. J. Org. Chem. 2006, 71, 405; (d) 
Raghavanpillai, A.; Burton, D. J. J. Org. Chem. 2006, 71, 194. 

[9] Mukhedkar, A. J.; Green, M.; Stone, F. G. A. J. Chem. Soc. (A) Inorg. 
Phys. Theor. 1969, 3023. 

[10] Martin, R.; Buchwald, S. L. Acc. Chem. Res. 2008, 41, 1461. 
[11] (a) Denmark, S. E.; Sweis, R. F. Org. Lett. 2002, 4, 3771; (b) De-

mark, S. E.; Ober, M. H. Adv. Synth. Chem. 2004, 346, 1703; (c) 
Pitteloud, J.-P.; Zhang, Z.-T.; Liang, Y.; Cabrera, L.; Wnuk, S. F. J. 
Org. Chem. 2010, 75, 8199; (d) Reetz, M.; Westermann, E. Angew. 
Chem., Int. Ed. 2000, 39, 165; (e) Thiot, C.; Schmuta, M.; Wagner, 
A.; Mioskowski, C. Angew. Chem., Int. Ed. 2006, 45, 2868. 

(Pan, B.; Qin, X.) 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


