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Development of the new palladium-catalyzed reactions_including the construction
of trifluoromethyl group by the intramolecular fluorine atom shift
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We examined the reaction of 2,3,3-trifluoroallylic esters with several
nucleophiles, such as nitrogen, oxygen, or carbon nucleophiles, by palladium catalysts, then we
succeeded in progressing the new types of reactions, which provides trifluoromethyl group possessing

organic compounds, which were produced by the attack of nucleophiles on to C-2 position of allylic

group, and sequential intramolecular fluorine atom shift. We further demonstrated this types of

pal ladium-catalyzed reaction with several types of nucleophiles, and succeeded in obtaining several
types of trifluoromethylenamines, trifluoromethyl group containing 3-substituted indole analogues,

or trifluoromethyl group possessing enol ethers.



2,3,3-

2,3,3-

5 mol% Pd(OAc),

BocO F
10 mol% DPPF CFs
R/j\fk’: + HNR'R" R/\/ (1)
dioxane, 60 'C NRR"
up to 97% yield
40 examples
smol% R\ Cs
BocO F [Pd(C3Hs)(cod)]BF 4
¥ + al ™ 10 mol% DPPF 4 N\
? FPWNe —————————= A J @
R R' toluene, 100 °C R \—=
up to 98% yield
29 examples
5 mol% [Pd(C3Hs)Cl],
BocO F 15 Omrgﬁ,l/%ADggz o,
R/S/\F + HOR' ;g_ R/\( @
F dioxane, 80 ‘C OR'
up to 94% yield
49 examples
2,33
Pd(OAc),/DPPF
2
1,2-
1
3

2
[Pd(C3Hs)(cod)] BF/DPPF

100 °C

80 °C
[Pd(C3H5)C1],/DPPF
AgBF,

2,3,3-



11
Hanakawa, T.; Isa, K.; Isobe, S.; Hoshino,
Y. Kawatsura, M. “Intramolecular

Construction of Trifluoromethyl Group by
The Palladium-Catalyzed Alkylation of
2,3,3-Trifluoroallyl Esters with Indoles” J.
Org. Chem. , 2017, 82, 2281-2287.
DOI: 10.1021/acs.joc.6b03085
Mizuno, S.; Shinozawa, T.; Terasaki, S.;
Kawatsura, M. “Regioselective Construction
of a,o-Disubstituted Allylic Amines by the
Ruthenium-Catalyzed Allylic Amination of
Tertiary Allylic Acetates” Org. Lett. ,
2017, 19, 504-507. DOI: 10.1021/acs.
orglett .6b03672
Kogawa, M.; Watanabe, H.; Yamamoto, M.;
Tsuchi, Y.; Zhou, B.; Kawatsura, M.
“Regioselective Three-Component Coupling
by the Palladium-Catalyzed Reaction of
2-Fluoroallylic Acetates with Phenols and
Imides” Synlett , 2017, 28, 1071-
1074. DOI: 10.1055/s-0036-1588143
Udagawa, T.; Watanabe, H.; Kogawa, M.;
Tsuchi, Y.; Yamamoto, M.; Kawatsura, M.
“Synthesis of 2-substituted benzofuran
derivatives by the palladium-catalyzed
intermolecular coupling of 2-fluoroallylic
acetates with phenols” Tetrahedron Lett.

, 2017, 58, 227-230. DOI: 10.1016/
j-tetlet.2016.12.01
Shinozawa, T.; Terasaki, S.; Mizuno, S.;
Kawatsura, M. “Kinetic Resolution of
Racemic and Branched Monosubstituted
Allyl Acetates by a Ruthenium-Catalyzed
Regioselective Allylic Etherification™ J. Org.
Chem. , 2016, 81, 5766-5774.
DOI: 10.1021/acs.koc.6b00939
Ishikawa, T.; Sonehara, T.; Murakami, S.;
Minakawa, M.; Kawatsura, M. “Synthesis of
Trifluoromethyl Group Substituted Ethyl
Picolinate Derivatives by the Cobalt-
Catalyzed Regioselective Inter molecular
[2+2+2] Cycloaddition” Synlett ,
2016, 27, 2029-2033. DOI: 10.1055/s-
0035-1562432
Ikeda, K.; Futamura, T.; Hanakawa, T.;
Minakawa, M.; Kawatsura, M. “Palladium-
catalyzed Allylic Alkylation of Trifluoro-
methyl Group Substituted Racemic and
Acyclic Unsymmetrical 1,3-Disubstituted
Allylic Esters with Malonate Anions” Org.

Biomol. Chem. , 2016, 14, 3501—
3505. DOI: 10.1039/c60b00449k
Ishikawa, T.; Sonehara, T.; Minakawa, M.;
Kawatsura, M. “Copper-Catalyzed Inter-
molecular Hydroamination of Internal Alk-
ynes with Anilines and Amines“Org. Lett.
2016, , 18, 1422-1425. DOI:
10.1021/acs.orglett.6b00352
Kuki, S.; Futamura, T.; Suzuki, R
Yamamoto, M.; Minakawa, M.; Kawatsura
M. “Palladium-catalyzed Regioselective Hy-
droalkylation of 2-Fluoroallyl Acetates:
Synthesis of Vinylmalonic Acid Esters”
Synlett 2015, , 26, 1715-1719.
DOI: 10.1055/5-0034-1380747
Isa, K.; Minakawa, M.; Kawatsura, M.
“Palladium-Catalyzed Amination of 2,3,3-
Trifluoroallyl Esters: Synthesis of Trifluoro-
methylenamines by the Intra- molecular
Fluorine Shift and CF; Group Construction”
Chem. Commun. , 2015, 51, 6761—
6764. DOI: 10.1039/ C5CC01212K
Kanazawa, Y.; Yokota, T.; Ogasa, H.;
Watanabe, H.; Hanakawa, T.; Soga, S.;
Kawatsura, M. “Chemoselective Amination
of Bromoiodobenzenes with Diarylamines
by Palladium/Xantphos or Ligand-free
Copper Catalysts” Tetrahedron 2015,

, 71, 1395-1402. DOI: 10.1016/].tet.
2015.01.028

13
“ 2,3,3-
2 97 ;
4D3-19,
2017 3 19
97 : 4D3-18,
2017 3 19
2 97
: 4D3-17,
2017 3
19
“pd 2-
97 : 2D3-43,
2017 3 17



2 96 ;
1J2-29,
2016 3 24
(3 2_
” 96 ; 1J2-28,
2016 3 24
Masaki Kogawa, Hirotaka Watanabe,

Mitsuaki Yamamoto, Maki Minakawa, Motoi
Kawatsura “Palladium-Catalyzed Reaction
of 2-Fluoroallyl Esters with Phenols and
Succinimide” The 13" International Kyoto
Conference on New Aspects of Organic
Chemistry (IKCOC 13); PC(C)-60, Kyoto
(Japan), November 12, 2015

Taisyun Hanakawa, Kazuki Isa, Maki
Minakawa, Motoi Kawatsura ‘Palladium-
Catalyzed Amination 2,3,3-Trifluoroallyl
Acetates with Amines: Synthesis of
Trifluoromethylenamines” The 13" Inter-
national Kyoto Conference on New Aspects
of Organic Chemistry (IKCOC 13); PB
(C)-61, Kyoto (Japan), November 11, 2015
Takumi Udagawa, Eito Nomada, Hirotaka
Watanabe, Mitsuaki Yamamoto, Maki
Minakawa, Motoi Kawatsura “Synthesis of
Benzofuran Derivatives by the Palladium-
Catalyzed Reaction of 2-Haloallyl Esters and
Phenols” The 13™ International Kyoto
Conference on New Aspects of Organic
Chemistry (IKCOC 13); PA(C)-53, Kyoto
(Japan), November 10, 2015

‘62_

Pd

” ; P3-77,
2015 9 9

Masaki Kogawa, Hirotaka Watanabe,

Mitsuaki Yamamoto, Maki Minakawa, and
Motoi  Kawatsura  “Palladium-catalyzed
reaction of 2-fluoroallyl esters with phenols
and succinimide” 18th ITUPAC International
Symposium on Organometallic Chemistry
Directed Towards Organic Synthesis (OM-
COS 18); P538, Sitges-Barcelona (Spain),
July 1, 2015

Taisyun Hanakawa, Kazuki, Isa, Maki
Minakawa, and Motoi Kawatsura “Palla-
dium-catalyzed Amination of 2,3,3-Tri-
fluoroallyl Acetates with Amines, and
Synthesis of Trifluoromethylenamines” 18th
TUPAC International Symposium on Organo-
metallic  Chemistry Directed Towards
Organic Synthesis (OMCOS 18); P535,
Sitges-Barcelona (Spain), July 1, 2015

Takumi Udagawa, Eito Nomada, Hirotaka
Watanabe, Mitsuaki Yamamoto, Maki
Minakawa, and Motoi Kawatsura “Synthesis
of benzofuran derivatives by the palladium-
catalyzed reaction of 2-haloallyl esters and
phenols” 18th IUPAC International Sym-
posium on Organometallic Chemistry Dire-
cted Towards Organic Synthesis (OMCOS
18); P481, Sitges-Barcelona (Spain), July 1,
2015

http://kawatsura.sakura.ne.jp

o

KAWATSURA, Motoi



