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Control of planar, axial and helical chiralities based on the asymmetric
ring-closing metathesis
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The molybdenum-catalyzed asymmetric ring-closing metathesis (ARCM) of the various
Cs-symmetric (71 -arene)chromium substrates proceeded smoothly and the corresponding bridged planar-chiral
(mt -arene)chromium complexes were obtained in excellent yields with excellent enantioselectivity of up to
>99% ee. With a proper substituent, such as N-indolyl or l-naphthyl, at the 2-positions of the
n 6-1,3-diisopropenylbenzene ligands, both biarylic axial chirality and 1 -arene-based ﬁlanar-chirality
could be simultaneously induced in the ARCM products via the double desymmetrization. The axial chirality
thus induced was retained even after the removal of the chromium-carbonyl fragment, and the metal-free
axially chiral biaryl/heterobiaryl compounds were obtained in up to >99% ee with complete retention of
the enantiomeric purity. The overall protocol presented in this report can be regarded as a novel method
of catalytically preparing axially chiral heterobiaryls/biaryl

asymmetric synthesis



C-N

3394)

Scheme 1

(J. Org. Chem. 2007,

[ I~VEvHEHOA

C-N

— Catalytic

R
Pa

/ér‘CO
\
= EZ co
Cg-symmetric

(n-arene)Cr complex

double
desymmetrization

R

Asymmetry

@

¥

p-C1-co
R, CO

axial and planar
chiralities

demetallation

axial chirality

1,3-

(Table 1)

'‘Bu

la

-2-N-




L3

>_©§ Mo-alkylidene cat.
10 mol %)

1a-f ) 2a-f
a: R = Bu, R' = 1-pyrrolyl eR=Bu R =F
b: R =Pr, R =1-pyrrolyl f. R =Bu, R'=OMe
cR= Et _1 -pyrrolyl
d: R =Ph, R' = 1-pyrrolyl
CHPh,
lpr ;
e
\e K @ O ‘
R)-Mo-alkylidene cat. (R)-L2
Tablel
en substr chiral yield %heeof
try ate ligand of2 7
(D}
1 la R)L1 46 97 (»)
2 la R)L2 n.rf -
3 la R)L3 >99 >99 ()
4 1b R)L3 >99 94 ()
5 Ic RH.3 49 35 ()
6 1d R)L3 n.rf —
7 le R)L3 >99 89 ()
8 1f R)L3 >99 >99 (-)
99% ee
(entry 1)
‘Bu 'Pr
Et Ph
(entries
4-6) Ph
Ph Et
2
(entry 7) 2
OMe 99% ee

entry 8

Scheme 2

R ? R
. [Mo*]=CHMePh .
—_—

Cr. Cr.
“3°CO _ = #\ CO
="k, €0 CH=CMePh Mo E: €0
1 A
enantioselection step
—[Mo*]=CH,
(Scheme 2)
C-N
N-
(Table 2)
Table?2
R R
R' R'
Y Mo-alkylidene/(R)-L3 cat. W
E 5 (10 mol %)
c benzene
re 40°C,12h Cr\
~7\>CO ’ ~7\>CO
JﬁFEz €0 "R, ©0
1g9-q (-)-29-9
gR=Bu,R'=R"=H,n=1 m:R=Buy,R'=Me,R"=H,n=1
h:R=Pr,R'=R"=H, n nR=Bu, R =Et,R"=H,n=1
itR=Cy,R'=R"=H,n o.H:’Bu,H:BrH:H,n=1
jR=E{{R'=R"=H,n p:R=Bu,R'= HH=OMe,n=1
kIE: h,F{I == qR= CyR'—MeR =H,n=1
entry substrat vyield of % eeof2°”
e 20 )
1 1g >99 >99 (-)
2 th 98 96 ()
3 1i 94 98 ()
4 1j 69 64 (-)
5 1k n.r’ —
6 U 0 -—
7 Im >99 >99 (=)



8 In 99 99 ()
9 1o >99 98 ()
10 1p >99 >99 ()
u 1q >99 93 ()
‘Bu
19
>99% ee
(entry 1) ‘Bu
'PI‘ Cy
(entries 2
and 3) Et
(entry 4)
Ph
(entry 5)
tert-
C3
(entry 6)
tert-
N_
(entries
7-10)
Cy
'‘Bu
93% ee
(entry 11) C-N
N_
C-C
Pd
syn
2r
>99% ee, 98%
(Scheme 3)
Scheme 3
0 \ Mo-alkylidene/(S)-L3 cat.
@ 7 (10 mol %)
OC \ benczene OC
N 40°C,12h € N
’ B, = ¢ %u2
1r (+)-2r

>99% ee (98%)

C-N

1g X

(Sa, Rp)
(Figure 1)
N-
C-N
N= (-)-3g
(-)-3m

(Scheme 5) C-C
(+)-2r
(+)-2r

Scheme 5

R'
<\ N; )
hv, air, Sg
—_—————
&@? CHCly
\CO

Bu,00

(-)-2g; >99% ee (R' =H)
(—)-2m; >99% ee (R' = Me)

H'\<\ N;
:ﬁ'Buz

S
(—)-39; >99% ee (97%)
(=)-3m; >99% ee (96%)

hv, air, Sg
CHCl3
S
(+)-2r; >99% ee (98%) (+)-3r; >99% ee (93%)
C-C
(+)-2r
(+)-2r
C-N
c-C
10

1. Tseng, Y-Y.; Kamikawa, K.; Qian, W,
Takahashi, T Ogasawara, M. Ring- Closmg
Metathesis



10.

(n°-Alkenylcyclopentadienyl)(alkenylphophi
ne)manganese(l) Dicarbonyl Complexes.
Adv. Synth. & Catal. , 2015, 357,
2255-2264

Kamikawa, K., Arae S; Wu, W.Y,
Nakamura C.; Takahashi, T.; Ogasawara, M.
Simultaneous Indution of Axial and Planar
Chirality in Arene-Chromium Complexes by
Molybdenum-Catalyzed  Enantioselective
Ring-Closing Metathesis. Chem. Eur. J.

, 2015, 21, 4954-4957.

Kashihara, H.; Asada, T.; Kamikawa, K.
Synthesis of Double Helicene by a

Palladium-Catalyzed Cross-Coupling
Reaction: Structure and Pysical Properties.
Chem. Eur. J. , 2015, 21,
6523-6527.

Kashihara, H.; Asada, T.; Kamikawa, K.
Synthesis of Double Helicene by a

Palladium-Catalyzed Cross-Coupling
Reaction: Structure and Pysical Properties.
Chem. Eur. J. , 2015, 21,
6523-6527.

Ogasawara, M.; Tseng, Y.-Y.; Arae, S,
Morita. T.; Nakaya, T., Wu, W. Y.
Takahashi, T, Kamikawa, K.
Phosphine-Olefin  Ligands Based on a
Planar-Chiral (wn-Arene)chromium Scaffold:
Design, Synthesis, and Appication in
Asymmetric Catalysis. J. Am. Chem. Soc.
, 2014, 136, 9377
Kamikawa, K. Recent Development of

Helicene Synthesis. J. Synth. Org. Chem. Jpn.

, 2014, 72, 58.

62, 300.

Kaneko, E.; Matsumoto, Y.; Kamikawa, K.
Synthesis of Azahelicene N-Oxide by
Palladium Catalyzed Direct C-H Annulation
of the Pendant Z-Bromovinyl Side. Chem. :

) ) , 2014,

-Eur. J. , 2013, 19. 11837-11841.
Wu, W.-Y. ; Kamikawa, K. Cheimsitry of
Dynamic hapto6-(Arene)chromium

Complexes. Bull. Jpn. Soc. Coord. Chem.
, 2012, 60, 24-31.

Ogasawara, M.; Wu, W.-Y. Arae, S,; T,
Watanabe, S.; Morita, Takahashi, T.;
Kamikawa, K. Kinetic Resolution of
Planar-Chiral (n5-Arene)chromium
Complexes by  Molybdenum-Catalyzed
Asymmetric  Ring-Closing  Metathesis.

Angew. Chem. Int. Ed. , 2012, 51,
2951-2955.
30
96 2016 3
27
C-H o
96 2016 3 26
______ Pd
C-H

96 2016 3 26

10.

11.

12.

Tseng, YaYi, Kamikawa, Ken, Takahasi,
Tamotsu, Ogasawara, Masamichi,
Development of  Highly  Efficient
Planar-Chiral  Phosphine-Olefin  Ligands
Based on Transition Metal Complexes and
Their Application to Asymmetric Reaction,

96 2016 3

26

96 2016 3 25

Tseng YaYi, Kamikawa Ken, Takahas
Tamotsu, Ogasawara Masamichi, Synthesis
the planar chiral phosphine-olefin ligand
based on a transition metal scaffold and
application in asymmetric catalysis, The
International  Chemical Congress of
PACIFIC BASIN SOCIETIES 2015
(PACIFICHEM 2015), 15" December,
2015, Honolulu (America)

Kamikawa Ken, Tseng YaYi, Takahashi
Tamotsu, Ogasawara Masamichi, Synthesis
the planar chiral phosphine-olefin ligand
based on a transition metal scaffold and
apPIication in asymmetric catalysis, The
13" International Kyoto Conference on
New Asgpects of Organic Chemistry
(IKCOC-13), 10" November, 2015,

Kono  Choji, Matsumoto  Yuki,
Kamikawa Ken, Synthesis of
Azahelicene by Palladium-Catalyzed
Dehydrogenative  C-H Coupling
Reaction, The 13" International Kyoto
Conference on New Aspects of Organic
Chemistry (IKCOC-13), 12" November,
2015,

Yasuda Rie, Ken Kamikawa, Catalytic
Asymmetric Synthesis of Axialy Chira
Phosphinobiaryl by C-H Functionalization,
The 13" International Kyoto Conference on
New Aspects of Organic Chemistry
(IKCOC-13), 12" November, 2015,

Uwa Koji, Tseng, YaYi, Kamikawa, Ken,
Synthesis of Carbazoles by Palladium
Catalyzed C-H Arylation, The 13"
International Kyoto Conference on New
Aspects of Organic Chemistry (IKCOC-13),
11" November, 2015,

Tseng YaYi, Kamikawa Ken, Ogasawara
Masamichi, Takahashi Tamotsu,
Ring-Closing Metathesis of
(n°-Alkenylcyclopentadienyl)(Alkenylphos
phine)manganese(l)Dicarbonyl Complexes
and Their Application to Asymmetric
Reactions, The 13" International Kyoto
Conference on New Aspects of Organic
Chemistry (IKCOC-13), 10" November,
2015,

5 CS8J



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

2015,2015 10 14

2015 9
25
Tseng YaYi, Kamikawa Ken, Takahashi
Tamotsu, Ogasawara Masamichi, Synthesis
of Planar Chiral Phosphine-Olefin Ligands
Based on a Transition Metal scaffold and
Application in Asymmetric Catalysis,

116 2015 9 17
C-H N-
62
2015 9 8
__ Pd
C-H
62
2015 9 8
C-H “““
95
2015 3 28

Tseng YaYi, Ogasawara Masamichi, Arae
Sachie, Takahashi Tamotsu, Kamikawa
Ken, Synthesis of Planar Chird
Phosphine-Olefin  Ligands Based on a
Transition Metal Scafflold and Application
in Asymmetric Catalysis.

95 2015 3 28

95
2015 3 28
- Cp
61 2014 9 24
61
2014 9 24

Tseng YaYi, Kamikawa Ken, Takahashi
Tamotsu, Ogasawara Masamichi, Synthesis
of highly efficient phosphine-olefin ligands
based on planar-chiral (arene)chromium
and complex and their application to
asymmetric reactions, 248" ACS National
Meeting and Exposition, 10" August 2014,
San Francisco (America)

Kamikawa Ken, Synthesis of Helicene bg
C-H Bond Activation Reaction, 41
International Conference of Coordination
Chemistry, 21% July, 2014, Singapore
Tseng YaYi, Kamikawa, Ken, Takahashi
Tamotsu, Phosphine-Olefin Ligands Based
on a Panar-Chiral (n-Arene)chromium
Scafflod: Design, Synthesis  and
Application in Asymmetric Catalysis, 41%
International Conference of Coordination
Chemistry, 21% July, 2014, Singapore

26.

27.

28.

29.

30.

Z- C-H
N-
93
2013 3 24
C-N
93 2013 3 24
ne-
93 2013 3 24

Control of Axialy Chira N-C
Bond: Stereoselective Synthesis of Axialy
Chiral N-Aryl Indoles

93
2013 3 24

Kamikawa Ken, Stereoselective Synthesis
of N-Arylindole and Related Compounds
with Axially Chiral N-C Bond by Planar
Chira (Arene)chromium Complexes, 17"
Malaysian Chemical Congress 2012, 16"
October 2012 (Malaysia, Kuala Lumpur)
Kamikawa Ken, Stereoselective Synthesis
of N-Aryl Indole and related Compounds
with Axially Chiral N-C Bond by Planar
Chiral (Arene)chromium Complexes, 2™
International Conference on Molecular &
Functional Catalysis (ICMFC-2), 30" July,
2012 (Biopolis, Singapore)

http://www.c.s.osakaf u-u.ac.j p/~kamikawa/index.

html

€Y)

KAMIKAWA KEN
403116021



