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Reactions of gem�difluoro�substituted organozinc reagents
with propargyl halides
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gem�Difluoro�substituted organozinc reagents undergo cross�coupling reaction with prop�
argyl halides in the presence of catalytic amounts of copper cyanide. The reaction leads to
the formation of 4,4�difluoroallenes in high yields.
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Fluoro�substituted organoelement compounds have
found wide applications as nucleophilic reagents nowa�
days.1,2 Usually, fluorine�containing derivatives of sili�
con3 and copper4,5 are used for this purpose, but recently
organozinc reagents gained much attention.6 However,
wide application of the latter is still limited by low accessi�
bility and moderate reactivity.

Recently, we have developed a new way to obtain gem�
difluoro�substituted organozinc reagents via CF2�unit in�
sertion into a carbon—zinc bond.7 Reagents thus obtained
react with heteroatom electrophiles7,8 and are cross�
coupled with allyl halides,9 1�bromoalkynes,10 and nitro�
styrenes.11 In the present work, we describe the results of
cross�coupling of gem�difluoro�substituted organozinc re�
agents with propargyl halides. Similar cross�coupling of
fluoro�substituted organocopper nucleophiles with prop�
argyl halides was previously studied.5

The reaction of organozinc compounds 1a,b with
(bromodifluoromethyl)trimethylsilane in the presence of
sodium acetate leads to reagents 2a,b (Scheme 1). They
react with propargyl bromide in the presence of copper
cyanide (10 mol.%) to give high yields of allenes 3a,b. We
have found that addition of 2 equivalents of DMF to the
reaction mixture is necessary to stabilize gem�difluoro�
substituted organometallic intermediates.

We have also shown that compound 4, which was ob�
tained from (bromodifluoromethyl)trimethylsilane upon
halogen–zinc exchange,12 can be involved in the cross�
coupling reaction in the presense of 5 mol.% of copper
cyanide (Scheme 2). Corresponding allene 5 was obtained
in 67% yield after vacuum distillation.

The proposed reaction mechanism is depicted in
Scheme 3. Initially, organozinc reagent reacts with cop�
per salt giving intermediate 6. Then the cuprate complex
coordinates to the triple bond leading to complex 7. This
is followed by elimination of the halide�anion and forma�

tion of CuIII complex 8. Finally, product 3 is formed upon
reductive elimination and the copper catalyst is regenerated.

In conclusion, we have shown that gem�difluoro�sub�
stituted organozinc reagents can be used in cross�coupling
reaction with propargyl halides. As a result, fluoro�substi�

Scheme 1

a: R = , X = Br

b: R = , X = I

Reagents and conditions: i. Me3SiCF2Br, AcONa, MeCN;

ii. , DMF (2 equiv.), CuCN (10%).

Scheme 2

Reagents and conditions: i. PriZnI, CoBr2•dppe (0.5%), THF/DME;

ii. , DMF (2 equiv.), CuCN (5%).
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tuted allenes, hardly accessible by other methods, can be
readily obtained.

Experimental

All reactions were performed under dry argon. DMF was
purified by vacuum distillation from P2O5 and was kept under
MS 4Å. MeCN was purified by successive distillations from P2O5
and CaH2, and was kept under MS 3Å. 1H, 13C and 19F NMR
spectra were recorded on Bruker AM300 spectrometer. High�
resolution electrospray ionization (ESI) mass spectra were mea�
sured on a Bruker micrOTOF II instrument.13 Starting com�
pounds Me3SiCF2Br,14 1a,b,7a and 412 were prepared according
to the literature procedures.

Synthesis of allenes 3 (general procedure). Anhydrous sodi�
um acetate (197 mg, 2.4 mmol) was placed in a flask and heated
at 150 °С for 15 min. Then the flask was cooled to room temper�
ature and filled with argon. Organozinc reagent 1 (2.0 mmol in
THF) was added and the suspension formed was concentrated in
vacuo to get a viscous oil. The mixture was diluted with MeCN
(2.0 mL) and cooled to –25 °С. Me3SiCF2Br (487 mg, 2.4 mmol)
was added dropwise and the reaction mixture was stirred at
–25 °С for 18 h. After that DMF (0.31 mL, 4.0 mmol), prop�
argyl bromide (4.8 mmol, 0.53 mL, 80% solution in toluene)
and copper cyanide (0.2 mmol, 18 mg) were added. The cool�
ing bath was replaced by a cold water bath (3—5 °С) and
the mixture was allowed to warm up to room temperature during
next 2 h and then stirred at ∼20 °C for additional 12 h. The
reaction was quenched with HCl (8 mL, 0.5 M water solu�
tion) and the product was extracted with ethyl acetate (3×5 mL).
The organic phase was dried over Na2SO4 and concentrated in
vacuo. Product was purified by column chromatography on
silica gel.

Methyl 4�(2,2�difluoropenta�3,4�dien�1�yl)benzoate (3a).
Yield 438 mg (92%). Colorless oil. Rf 0.23 (hexane—EtOAc,
12 : 1). 1H NMR (300 MHz, CDCl3), δ: 3.32 (t, 2 H, CH2,
J = 15.3 Hz); 3.91 (s, 3 H, CH3); 5.05 (td, 2 H, =CH2, J = 6.5 Hz,
J = 6.3 Hz); 5.38 (tt, 1 H, CH, J = 8.7 Hz, J = 6.3 Hz); 7.36 (d, 2 H,
CHAr, J = 8.2 Hz); 7.99 (d, 2 H, CHAr, J = 8.2 Hz). 13C {1H}
NMR (75 MHz, CDCl3), δ: 43.5 (t, CH2, J = 26.9 Hz); 52.2

(CH3); 80.5 (=СH2); 90.4 (t, CH, J = 33.1 Hz); 119.7 (t, CF2,
J = 240.9 Hz); 129.4 (C—CO2Me); 129.6 (CAr); 130.8 (CAr);
138.1 (t, CAr, J = 3.6 Hz); 167.0 (CO); 208.4 (t, =C=, J = 9.5 Hz).
19F NMR (282 MHz, CDCl3), δ: –88.7 (tdt, CF2, J = 15.3 Hz,
J = 8.7 Hz, J = 6.5 Hz). HRMS (ESI), found m/z: 239.0885.
C13H13F2O2. Calculated, m/z: 239.0878 [M + H].

4,4�Difluorohepta�5,6�dien�1�yl benzoate (3b). Yield 474 mg
(94%). Colorless oil. Rf 0.22 (hexane—EtOAc, 12 : 1). 1H NMR
(300 MHz, CDCl3), δ: 1.94—2.08 (m, 2 H, CH2); 2.09—2.25
(m, 2 H, CH2CF2); 4.36 (t, 2 H, CH2O, J = 6.2 Hz); 5.09 (dt, 2 H,
=CH2, J = 7.2 Hz, J = 6.5 Hz); 5.44 (tt, 1 H, CH, J = 7.9 Hz,
J = 7.2 Hz); 7.39—7.48 (m, 2 H, CHmeta); 7.51—7.60 (m, 1 H,
CHpara); 8.04 (dd, 2 H, CHortho, J = 8.1 Hz, J = 1.1 Hz). 13C {1H}
NMR (75 MHz, CDCl3), δ: 22.2 (t, CH2, J = 4.2 Hz); 33.6
(t, CH2CF2, J = 26.3 Hz); 64.1 (CH2O); 80.2 (=CH2); 90.5 (t, CH,
J = 33.8 Hz); 121.1 (t, CF2, J = 238.5 Hz); 128.4 (CAr);
129.6 (CAr); 130.2 (С—CO2); 133.0 (CAr); 166.5 (CO); 208.3
(t, =CH2=, J = 10.1 Hz). 19F NMR (282 MHz, CDCl3), δ:
–90.1 (dtt, CF2, J = 7.9 Hz, J = 7.6 Hz, J = 6.5 Hz). HRMS
(ESI), found m/z: 275.0859. C14H14F2O2Na. Calculated, m/z:
275.0854 [M + Na].

(1,1�Difluorobuta�2,3�dien�1�yl)(trimethyl)silane (5). DMF
(30.0 mmol, 4.65 mL), propargyl chloride (15.8 mmol, 1.15 mL),
and copper cyanide (0.75 mmol, 67.5 mg) were added to reagent 4
(15.0 mmol, 19.2 mL 0.78 M in diglyme) at 0 °C. The suspension
obtained was warmed to ~20 °C under stirring during next 2 h
followed by stirring at ~20 °C for additional 12 h. The product
was separated by recondensation in vacuo (7 Torr) using a liquid
nitrogen trap. The liquid obtained was dissolved in pentane
(10 mL), washed with water (5×10 mL), and filtered through
Na2SO4. Pentane was evaporated under atmospheric pressure
and the residue was distilled in vacuo, b.p. 80—82 °С (100 Torr).
Yield 1.63 g (67%). 1H NMR (300 MHz, CDCl3), δ: 0.20 (s, 9 H,
SiMe3); 5.05 (td, 2 H, CH2, J = 8.2 Hz, J = 6.9 Hz); 5.40 (tt,
1 H, CH, J = 12.7 Hz, J = 6.9 Hz). 13C {1H} NMR (75 MHz,
CDCl3), δ: 4.4 (t, SiMe3, J = 1.7 Hz); 79.4 (t, CH2, J = 2.2 Hz);
90.7 (t, CH, J = 26.6 Hz); 125.6 (t, CF2, J = 259.9 Hz); 208.5
(t, =С=, J = 12.9 Hz). 19F NMR (282 MHz, CDCl3), δ: –107.2
(td, CF2, J = 12.7 Hz, J = 8.2 Hz). Found (%): C, 52.04; H, 7.43.
C7H12F2Si (162.25). Calculated (%): C, 51.82; H, 7.45.
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