(®)
2014 2015

B_ -

Carbon-Fluorine Bond Activation via beta-Fluorine Elimination
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I achieved vinylic and allylic C-F bond activation based on beta- and
alpha-fluorine elimination from nickelacycle intermediates.
I have developed two types of defluorinative coupling reactions of 2-trifluoromethyl-1-alkenes and
alkynes via beta-fluorine elimination from nickelacycles. Addition of Et3SiH enabled a catalytic
s¥nthesis of 1,1-difluoro-1,4-dienes, while diboron compounds afforded 2-fluorocyclopentadienes via
cleavage of two C-F bonds in a trifluoromethyl group. In both reactions, beta-fluorine elimination from
the intermediary nickeracyclopentenes served as a key elementary step. 1 have also achieved
nickel-catalyzed [2+2+2] cyclization of 1,1-difluoroethylene and alkynes via sequential alpha-fluorine
and beta-hydrogen elimination, which provides a direct method for the synthesis of fluoroarenes. An
alkylborate reagent effectively promoted its catalytic reaction.
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Table 1. Nickel-Catalyzed Defluorinative Coupling of Trifluoromethylalkenes
with Alkynes: Synthesis of 1,1-Difluoro-1,4-dienes

Ni(cod), (5 mol%) CF. R®
2

CF,4 R3 PCy3 (10 mol%) R2
+ X 4 S
R AN \Rz Et5SiH (2.0 equiv) !
1 2(1.1 equiv) Toluene, 50 °C, 3 h 3
CFy Pr RS=H 99%
N x_Pr 0-OMe  84%
RS- p-OMe  80%
= H pCl 91%
p-Ac 94%
p-CO.Et 90%
CF, Pr CF, Pr
P P
Ph N MeQPhSi)j\)\l/ '
H H
85%7 (80 °C, 15 h) 84%# (80 °C, 10 h)
CF, Ph CF, Ph CF, Pr
Ph Ph Ph
H X Ph )‘K)\l/ Ph )‘K)\l/
H H H
77%P (80 °C, 10 h) 73%¢ 99%¢
CF, CF, i-Pr
o /U\)\l/Ph AN
H H
91%¢ 88%7 (96:4)°

2 Ni(cod), (10 mol%), PCy3 (20 mol%), ZrF, (10 mol%).

b Ni(cod), (10 mol%), SIMes+HCI (10 mol%), t-BuOK (10 mol%).
¢Room temperature. 9 Ni(cod), (10 mol%), PCy3 (20 mol%).

¢ Regioisomer ratio determined by 19F NMR.
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Table 2. Nickel-Mediated [3+2] Cycloaddition of Trifluoromethylalkenes
with Alkynes: Synthesis of 2-Fluoro-1,3-cyclopendadienes

Ni(cod), (1.0 equiv) F R3
PCy; (1.0 equiv)

CFy RO
R‘l& * \RZ

1,4-Dioxane R? R2
1 2 (1.1 equiv) 4
F. Pr Ré=Ac  73%(RT,3h)
O CO.Et 75% (50 °C, 3h)a
pr  CFs  86%(RT,9h)a
R4 CN  82%(80°C,1.5h)a
F F
(0]
Ph i-Pr i-Pr
t-BuO
57% 88%
(60 °C, 6 h) (RT, 3h)
F_ Ph F. Ph
p-AcCeH4/U\Ph p-AcCgHy,
86% 48%
(100 °C, 3 h) (60 °C, 19 h)
F CgH4p-OMe F
pAcCGH4/U\Pr p-AcCGH4/U\i-Pr
51% 77%
(100 °C, 3 h) (RT, 9 h)

2 Toluene was used as the solvent instead of 1,4-dioxane.
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Table 3. Nickel-Catalyzed [3+2] Cycloaddition: Synthesis of 2-Fluorocyclopentadienes
Ni(cod), (20 mol%)

PCy; (40 mol%) F R3
CF3 \ By(nep), (1.1 equiv) /@\
e
& +-BuOK (1.1 equiv) R? R2
1 2 (1.1 equiv) MgF; (1.0 equiv) 4

1,4-Dioxane, 80 °C, 3 h

O
L

53% 70%
E
R!D/I‘L ID/l‘L SCQD L
NC
50% 45% 40%
F
Ph t-| BuO
54% 45% 42%
Ni(cod), (20 mol%)
CF
3 y PCy (40 mol%)
Ph ™™
Bo(nep), / t-BuOK (1.1 equiv)
MgF, (1.0 equiv)
E/Z=60:40 1,4-Dioxane, 80 °C, 3 h 51%
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Scheme 1. Plausible reaction mechanisms
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Table 4. Nickel-Catalyzed [2+2+2] Cycloaddition: Synthesis of Fluoroarenes

Ni(cod); (5 mol%) F

F R PCys (5 mol%)
/\ Yy ——— R R
F R BEtg (100 mol%)
i-PrOLi (100 mol%) R R
5 (2.3 mmol) 2 (2.3 mmol) Toluene, 40 °C 6
F
R1

— R E F
IND) & )
g g A S o

R'=H 82%(12h)  R2=Me 79% (15h)  59% [84:16]a (18 h)
pMe 81%(12h) CO,-Bu  39% (16 h)
pBu 79% (12 h) CH,OBn  58% (14 h)
p-OMe80% (12 h) CH,OTHP 67% (14 h)
p-CFy 76% (15 h) CH,OTMS 62% (14 h)
m-Me 72% (16 h)
m-Cl  45% (12 h)
aRegioisomer ratio ('9F NMR).
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Scheme 2. Plausible reaction mechanism
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