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Development of helicenyl phosphines and their application in catalytic
asymmetric reactions

Usui, Kazuteru
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A series of novel optically active [5]helicene-derived phosphine ligands
(L1, with a 7,8-dihydro[5]helicene core structure, and L2, with a fully aromatic [5]helicene core

structure) were synthesized. The prepared Ii?ands, especially L1, were found to be highly effective
in asymmetric allylation of 1,3-diphenylallyl acetate with indoles (up to 99% ee) and etherification

with alcohols (up to 96% ee). In asymmetric Suzuki-Miyaura coupling reaction, L2 shown excellent
enantioselectivities (up to 99% ee).



BINAP

(¢} T
[5]
1
[ (@]
T
“7,8- [5]
L 1” GE[S]
L 2” [
(b)]
(a) P-metal-arene
interaction

'0
_>

restricting conformational flexibility
Y

h2P PhoP” Y

7 partially OQ T ully
8

saturated aromatic

I

1 [5]
3 L1 L2
Pd
1
rac-3
sec-BuLi
rac-4
TADDOL
L1 4
L2 4
CDh
L1
P)-(+) 260 nm
220 nm [5]
L2
P)-(+) 325 nm 280 nm
CD

Ph_Ph

1
8T 2
., OH
Q i) sec-BuLi, THF Q © thph

Br ii) PPh,CI PhaPy Q CH4CN
2 (6] et

. iii) 30% H,0: . 2) column
OQ e CQ chromatography

3) recrystallization
rac-3, 54% rac-4, 63% from CH3CN

thp\\ EJII-I’JSne thp\\
Cg s

(P)-5, quant (P)-4 (>99% ee)
HSICI3 P(OEt)3 HSICl3, P(OEt)s
tquene/THF toluene/THF

(P)-L2 (P)-L1

(70%, >99% ee) (72%, >99% ee)

L1 L2

0 X

rac-L1 rac-L2 X
L1

3.54-3.50 A L2 3.39-3.34 A



rac-L1 0
rac-L1
Pd,(dba); CHCl; THF 50 °C
L1 dba
1:1 0 6
CSa
cl4 ;72

Pd(dbag)*CHCl3
THF, 50 °C /

Pd(dba)[rac-L1] complex 6

L1 L2 X

L1 L2

L2

- Helical chirality --.
§Ph2P !

SOTNEL b v
P(OR"), oo PhoP Y _)!

Axial chirality

: i
Br O 3 OG E ? .
7 i\ 24mol% L2 P(OR"),
+ _tTTmmmmmmmmmmeeeeOCT Z R?
RO |
Pd(OAC); (2 mol %)
B(OH), K3POy, tolflene, 50 °C S
R? 9
4
R3< |
8 12 examples, up to 95% yield, 93% ee (for L1)
12 examples, up to 99% yield, 99% ee (for L2)
1,3-
L1 L2
L1
5(a)
5(b) 5(c)
a) OAc
« CH(CO,Me),
Ph Ph S
CHy(CO,Me), T Ph™""Ph
[1 ! o L1: 99% vyield, 94% ee
(1 mol%) L2: 99% yield. 71% ee
b) OAc o
R ~L
HN"\—=/"R
—~ A P p -
N [Pd] / (A/Q-L1 Ph/\/\ph
H (1 mol%) up to 99% yield, 99% ee
c) OAc
prNApp OR
ROH Pl (ML Ph"ph
(1 mol%) up to 95% yield, 96% ee

L1 L2

proof-of-concept



10.

11
Ota, E.; Usui, K.; Oonuma, K.; Koshino, H.;
Nishiyama, S.; Hirai, G; Sodeoka, M.
Thienyl-Substituted o-Ketoamide: A Less
Hydrophobic Reactive Group for
Photo-Affinity Labeling, ACS Chem. Biol.
2018, 13, 876-880.
Sakamoto, S.; Miyamoto, T.; Usui, K.;
Tanaka, H.; Morimoto, S. Sodium-periodate
Mediated Harringtonine Derivatives and
Their Antiproliferative Activity against
HL-60 Acute Leukemia Cells, J. Nat. Prod.
2018, 81, 34-40.
Usui, K. Development of New Chiral
Phosphine Ligands with Helical
Environments and Their Application in
Asymmetric Catalytic Reactions, Yakugaku
Zasshi 2017, 137, 1381-1390.
Kimuro, Y.; Usui, K.; Karasawa, S.; Hirai,
G.; Aso, M. 7-Hydroxy 3-methyleneisoindo-
lin-1-one as a new ESIPT-fluorescent probe
to monitor aqueous environments, Chem.
Phar. Bull. 2017, 65, 796-800.
Morishita, K.; Okamoto, Y.; Murayama, S.;
Usui, K.; Ohashi, E.; Hirai, G; Aoki, I;
Karasawa, S. Water-Proton Relaxivities of
Radical Nanoparticles Self-Assembled via
Hydration or Dehydration Processes,
Langmuir 2017, 33, 7810-7817.
Hagihara, R.; Usui, K.; Karasawa, S.
Two-step transformation of p-anisolylamino-

quinoline derivatives induced by
conformation- and  packing-dominated
processes, Dye. Pigment. 2017, 143,
401-408.

Sakamoto, S.; Yusakul, G.; Tsuneura, Y.;
Putalun, W.; Usui, K.; Miyamoto, T.; Tanaka,
H.; Morimoto, S. Sodium
periodate-mediated conjugation of
harringtonine enabling the production of a
highly specific monoclonal antibody, and the
development of a sensitive quantitative
analysis method, Analyst 2017, 142,
1140-1148.

Araki, T.; Murayama, S.; Usui, K.; Shimada,
T.; Aoki, I.; Karasawa, S. Self-Assembly
Behavior of Emissive Urea Benzene
Derivatives Enables Heat-Induced
Accumulation in Tumor Tissue, Nano Lett.
2017, 17, 2397-2403.

Yamamoto, K.; Shimizu, T.; Igawa, K.
Tomooka, K.; Hirai, G.; Suemune, H.; Usui,
K. Rational Design and Synthesis of
[5]Helicene-Derived Phosphine Ligands and
Their  Application in  Pd-Catalyzed
Asymmetric Reactions, Scientific Reports,
ci. Rep. 2016, 6, 36211.

Kurita, M.; Higuchi, Y.; Mirc, JW,;
Matsumoto, S.; Usui, K.; Suemune, H.; Aso,

11.

M. Synthesis and Electron Paramagnetic
Resonance Studies of Oligodeoxynucleotides
Containing 2-N-tert-Butylaminoxyl-2'-
Deoxyadenosines, ChemBioChem 2016, 17,
2346-2352.

Gatanaga, C.; Yang, B.; Inadomi, Y.; Usui,
K.; Ohta, C.; Katayama, T.; Suemune, H.;
Aso, M. Site-Specific Turn-On Fluorescent
Labeling of DNA-Interacting Protein Using
Oligodeoxynucleotides That Modify Lysines
To Produce 5,6-Dimethoxy

3-Methyleneisoindolin-1-one, ACS Chem.
Biol. 2016, 11, 2216-2221.

9
o Rational Design and Synthesis

of [5]Helicene-Derived Phosphine Ligands
and Their Application in Pd-Catalyzed
Asymmetric Reactions 29

2017

2017 9 8

[3]

27 2017

10

33
2016 12 3

42

2016 11 7



http://sekkei.phar.kyushu-u.ac.jp/

(1)
USUI, Kazuteru

80553304



