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Organofluorine compounds play important role in medicinal 
chemistry.1 In this regard, methods for assembling of fluorinated 
molecules from several building blocks would be very useful, 
since this would provide straightforward access to diverse 
struc tures.2

Recently we introduced a concept for the synthesis of gem-
difluorinated compounds based on coupling of organozinc 
reagents, difluorocarbene, and electrophiles3,4 (Scheme 1). As 
electrophilic component, heteroatom electrophiles (halogens,3 
nitrosonium cation,4(a) disulfides4(b)) and carbon electrophiles 
(allyl bromides,4(c) 1-bromoalkynes,4(d) nitrostyrenes4(e)) were 
employed. 

Herein, we report that N-acyliminium chlorides 3, generated 
in situ from imines 1 and acyl chlorides 2, can serve as electro-
philes in the coupling with gem-difluorinated organozinc reagents 
(Scheme 2). N-Acyliminium chlorides constitute a class of 
reactive electrophiles, which have found widespread applica tions 
in reactions with p-electrophiles,5 acetylenides,6 and transition 

metal catalyzed processes.7 However, reactions with fluorinated 
organometallics have not been described.

N-Acyliminium chlorides 3 were generated simply by mixing 
equimolar amounts of imines 1 and acyl chlorides 2 and were 
treated with gem-difluorinated organozinc reagents (RCF2ZnBr, 
4), which were prepared separately from organozinc bromides8 
and (bromodifluoromethyl)trimethylsilane3(a),9,10 (see Scheme 2). 
In the absence of catalyst, no product was formed while organo-
zinc reagent 4 underwent decomposition after 18 h at room tem-
perature. At the same time, addition of 10 mol% of copper(i) 
chloride provided formation of coupling products 5.†

Concerning the mechanism, we believe that the reaction starts 
from the zinc-copper transmetallation to generate organo copper 
species 6 (Scheme 3). Subsequent oxidative addition upon inter-
action of 6 with N-acyliminium chloride 3 can lead to copper(iii) 
intermediate 7, which rapidly undergoes reductive elimination 
affording product 5 along with regeneration of copper catalyst.

In summary, a coupling of imines, acyl chlorides, and gem-
difluorinated organozinc reagents has been developed. Though 
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CuCl-catalyzed coupling of N-acyliminium chlorides (generated 
from imines and acyl chlorides) with gem-di fluorinated organo-
zincs affords N-(2,2-difluoroalkyl)carbox amides in moderate 
yield.
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Scheme 1

† Coupling of N-acyliminium chlorides with reagents 4. A mixture of 
acid chloride 2 (1.1 mmol), imine 1 (1.0 mmol) and CuCl (10 mg, 
0.1 mmol) in DME (1 ml) was stirred at room temperature for 10 min 
and then immersed in an ice–water bath. A cold (about 0 °C) solution of 
RCF2ZnBr 4 was added dropwise. After stirring at 0 °C for 30 min, the 
cooling bath was removed, and a homogeneous solution was stirred for 
18 h. For the work-up, water (7 ml) was added, the mixture was extracted 
with methyl tert-butyl ether–hexane (1 : 1, 3×5 ml). The combined organic 
layers were filtered through Na2SO4, concentrated in vacuo, and the residue 
was purified by column chromatography.

R1

N
Me R2

O

Cl

1

2

R3 ZnBr

F F

DME
CuCl (10%)

4

room
temperature,

18 h
R1

N
Me

O

R2

5

R3

F F

R1

N
Me

Cl

O

R2

3

R3 ZnBr

Me3SiCF2Br
AcONa

R1

Ph
Ph
Ph
Ph
4-MeOC6H4

R2

But

Pri

MeO
Pri

MeO

R3

PhCH2
PhCH2
PhCH2
Pri

PhCH2

Isolated yield (%)

55
30
53
37
54

5a
5b
5c
5d
5e

Scheme 2

CuCl

R3 ZnBr

F F

R3 Cu

F F

R1

N
Me

Cl

O

R2

R1

N
Me

Cu

O

R2

Cl
F

R3

F

ZnBrCl

R1

N
Me

O

R2

5

R3

F F

4
6

3

7

Scheme 3



Mendeleev Commun., 2017, 27, 139–140

– 140 –

the reaction proceeds with moderate yield, it provides rapid 
assembly of valuable organofluorine compounds from three 
independently variable and readily available components.

This work was supported by the Russian Ministry of Education 
and Science (grant no. MK-6724.2016.3) and the Russian Founda-
tion for Basic Research (project no. 14-03-00293). We are grateful 
to A. Zemtsov and N. Kondratyev for performing preliminary 
experiments.

Online Supplementary Materials
Supplementary data associated with this article (experimental 

procedures, product characterization, NMR spectra) can be found 
in the online version at doi: 10.1016/j.mencom.2017.03.010.

References
1 (a) J. Wang, M. Sánchez-Roselló, J. L. Aceña, C. del Pozo, A. E. 

Sorochinsky, S. Fustero, V. A. Soloshonok and H. Liu, Chem. Rev., 2014, 
114, 2432; (b) S. Purser, P. R. Moore, S. Swallow and V. Gouverneur, 
Chem. Soc. Rev., 2008, 37, 320.

2 (a) Multicomponent Reactions in Organic Synthesis, eds. J. Zhu, Q. Wang 
and M. X. Wang, Wiley-VCH, Weinheim, 2015; (b) M. D. Burke and 
S. L. Schreiber, Angew. Chem. Int. Ed., 2004, 43, 46.

 3 (a) V. V. Levin, A. A. Zemtsov, M. I. Struchkova and A. D. Dilman, Org. 
Lett., 2013, 15, 917; (b) V. V. Levin, A. A. Zemtsov, M. I. Struchkova 
and A. D. Dilman, J. Fluorine Chem., 2015, 171, 97.

 4 (a) V. O. Smirnov, M. I. Struchkova, D. E. Arkhipov, A. A. Korlyukov 
and A. D. Dilman, J. Org. Chem., 2014, 79, 11819; (b) S. S. Ashirbaev, 
V. V. Levin, M. I. Struchkova and A. D. Dilman, J. Fluorine Chem., 
2016, 191, 143; (c) A. A. Zemtsov, N. S. Kondratyev, V. V. Levin, 
M. I. Struchkova and A. D. Dilman, J. Org. Chem., 2014, 79, 818; 
(d) A. A. Zemtsov, A. D. Volodin, V. V. Levin, M. I. Struchkova and A. D. 
Dilman, Beilstein J. Org. Chem., 2015, 11, 2145; (e) N. S. Kondratyev, 
V. V. Levin, A. A. Zemtsov, M. I. Struchkova and A. D. Dilman, J. Fluorine 
Chem., 2015, 176, 89.

 5 (a) A. Yazici and S. G. Pyne, Synthesis, 2009, 339; (b) A. Yazici and 
S. G. Pyne, Synthesis, 2009, 513; (c) A. Padwa and D. Bellus, in Science 
of Synthesis, 27: Category 4. Compounds with Two Carbon Heteroatom 
Bonds, Georg Thieme Verlag, Stuttgart, 2005.

 6 (a) D. A. Black and B. A. Arndtsen, Org. Lett., 2004, 6, 1107; 
(b) C. Fischer and E. M. Carreira, Org. Lett., 2004, 6, 1497.

 7 (a) B. A. Arndtsen, Chem. Eur. J., 2009, 15, 302; (b) B. Xu and B. A. 
Arndtsen, ACS Catal., 2014, 4, 843.

 8 (a) A. D. Benischke, M. Ellwart, M. R. Becker and P. Knochel, Synthesis, 
2016, 48, 1101; (b) A. D. Dilman and V. V. Levin, Tetrahedron Lett., 
2016, 57, 3986.

 9 (a) O. V. Fedorov, M. I. Struchkova and A. D. Dilman, J. Org. Chem., 
2016, 81, 9455; (b) A. L. Trifonov, A. A. Zemtsov, V. V. Levin, M. I. 
Struchkova and A. D. Dilman, Org. Lett., 2016, 18, 3458; (c) A. D. Dilman 
and V. V. Levin, Mendeleev Commun., 2015, 25, 239; (d) V. O. Smirnov, 
A. S. Maslov, M. I. Struchkova, D. E. Arkhipov and A. D. Dilman, 
Mendeleev Commun., 2015, 25, 452; (e) M. D. Kosobokov, V. V. Levin, 
M. I. Struchkova and A. D. Dilman, Org. Lett., 2015, 17, 760.

10 (a) L. Li, F. Wang, C. Ni and J. Hu, Angew. Chem. Int. Ed., 2013, 52, 
12390; (b) M. D. Kosobokov, A. D. Dilman, V. V. Levin and M. I. 
Struchkova, J. Org. Chem., 2012, 77, 5850.

Received: 3rd October 2016; Com. 16/5063

 N-(2,2-Difluoro-1,3-diphenylpropyl)-N-methylpivalamide 5a. Yield 
190 mg (55%). Colorless crystals, mp 100–101 °C, Rf 0.32 (hexanes–
EtOAc, 8 :1). 1H NMR (300 MHz, CDCl3) d: 1.35 (s, 9 H), 3.02 (s, 3 H), 
3.08–3.39 (m, 2 H), 6.51 (t, 1H, J 15.6 Hz), 7.20–7.58 (m, 10 H). 13C NMR 
(75 MHz, CDCl3) d: 28.3, 33.2 (t, J 3.4 Hz), 39.4, 41.9 (t, J 24.3 Hz), 
59.3 (dd, J 27.0, 22.4 Hz), 123.9 (t, J 250.1 Hz), 127.5, 128.2, 128.4, 128.8, 
129.9 (t, J 2.3 Hz), 132.3 (dd, J 4.0, 1.7 Hz), 134.5, 178.6. 19F NMR 
(282 MHz, CDCl3) d: –102.1 (dm, 1F, J 250.1 Hz), –99.9 (dm, 1F, 
J 250.1 Hz). HRMS (ESI), m/z: 346.1971 [M + H]+ (calc. for C21H26F2NO, 
m/z: 346.1977).
 For characteristics of products 5b–e, see Online Supplementary Materials.
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