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Catathic Asymmetric Synthesis of Phosphine Derivatives with a Stereogenic
Phosphorus Atom
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We have achieved the formal asymmetric cross-metathesis between an alkenylbenzene
derivative and a bis(methallyl)phosphine by the use of a chiral molybdenum-alkylidene catalyst giving the
phosphine drivative with a stereogenic_phosphorus atom in up to 95% ee. Our strategK is the use of a
chromium fragment as a template, iIn which the two reactants are preinstalled onto the chromium metal. The
chromium complexes thus obtained were employed as substrates for the asymmetric ring-closing metathesis
and the subsequent de-chromation reaction afforded the acyclic metal-free phosphine derivatives with the
perfect chemo-selectivity and the Z-selectivity.
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. Ar R tBU R
o I o, OO
p OH OH OH
r N pyrrolyl OH OH OH
w b | o Q)
Ph‘l\\‘/l Ar R Bu R
e )
pre-cat. L1: Ar=CgH,-2,4,6-Pr; L3: R =Me L5: R = CHPh,
L2: Ar = 9-anthryl L4: R =Bu L6: R = Bu
L7: R = CMe,Et
L8: R = CMeEt,




entry substrate __chiral ligand 2 (%ee)® 2 (yield/%)" 3 (%ee)’ 3 (yield/%)"
1 1a L1 25 13

2 1a L2 45 >99

3 1a L3 47 >99

4 1a L4 58 >99 58 >99
5 1a L5 9 >99

6 1a L6 39 >99

7 1a L7 61 88 61 >99
8 1a L8 42 >99

9 1b L4 67 >99 68 >99
1 1c G2/S 0

12 1d L4 82 >99 82 >99
17 1e L7 76 >99

18 1f L4 22 >99

20 1g L4 95 >99 95 >99
22 1h L4 57 >99

25 1i L7 32 >99 33 >99
27 1] L7 53 >99 52 >99
28 1k G2/S 0

? Isolated yields by column chromatography. ° Determined by HPLC analysis equipped with a

chiral stationary phase column.

1RSI INTEY ., AFHEA Y
Y ARIGIC X B F v F AR % E %
I LML AR 4 VHEAHEET A LN
T&7, B, ZITHEESNIF A7 4~
RO R, Tl 2RIl
TWw3,

LRdotkic, v

5. EBRRANF
CHEREaR SO G 12 1F)

(1) Kotani, S.; Kai, K.; Shimoda, Y .; Hu, H.; Gao,
S.; Sugiura, M.; Ogasawara, M.; Nakajima, M.,
"Concise Asymmetric Construction of
C,-Symmetric 1,9-Diarylnonanoids Using
Hypervalent Silicon Complex: Total Synthesis of
(-)-Ericanone", Chem. Asian J. 2016, 11,
376-379 (DOI: 10.1002/asia.201501080), %% #t
f

(2) Ogasawara, M.; Arae, S.; Watanabe, S
Nakajima, K.; Takahashi, T., "Kinetic Resolution
of Planar-Chiral Ferrocenylphosphine
Derivatives by Molybdenum-Catalyzed
Asymmetric Ring-Closing Metathesis and Their
Application in Asymmetric Catalysis", ACS
Catal. 2016, 6, 1308-1315 (DOLI:
10.1021/acscatal.5b02692), & i .

3) MNERIEE "X %2y ARIGIC X 2HEA
FEBESEEROMIBEN AT ER . 774
VA3V, 2016,45,15-23, Baih.

(4) Tseng, Y. Y. Kamikawa, K.; Wu, Q;
Takahashi, T.; Ogasawara, M., "Ring-Closing
Metathesis of

(n’-Alkenylcyclopentadienyl)(alkenylphosphine)
manganese(I) Dicarbonyl Complexes", Adv.
Synth. Catal. 2015, 357, 2255-2264 (DOI:
10.1002/adsc.201500343), & A .

(5) Ogasawara, M.; Wada, S.; Isshiki, E;
Kamimura, T.; Yanagisawa, A.; Takahashi, T.;
Yoshida, K., "Enantioselective Synthesis of
Planar-Chiral Ferrocene-Fused 4-Pyridones and
Their  Application in  Construction  of
Pyridine-Based Organocatalyst Library", Org.
Lett. 2015, 17, 2286-2289 (DOI:
10.1021/acs.orglett.5b01044), #HiA .

(6) Arae, S.; Nakajima, K.; Takahashi, T,
Ogasawara, M., "Enantioselective Desymmetri-
zation of 1,2,3-Trisubstituted Metallocenes by
Molybdenum-Catalyzed Asymmetric
Intraannular Ring-Closing Metathesis",
Organometallics 2015, 34, 1197-1202 (DOI:
10.1021/0m5011484), #5t

(7) Okayama, Y.; Tsuji, S.; Toyomori, Y.; Mori,
A.; Arae, S., Wu, W.Y., Takahashi, T,
Ogasawara, M., "Enantioselective Synthesis of
Macrocyclic ~ Heterobiaryl =~ Derivatives  of
Molecular Asymmetry by
Molybdenum-Catalyzed Asymmetric
Ring-Closing Metathesis", Angew. Chem. Int. Ed.

2015, 54, 4927-4931 (DOLI:
10.1002/anie.201500459), A FcA .
(8) Kamikawa, K.; Arae, S.; Wu, W.Y,

Nakamura, C.; Takahashi, T.; Ogasawara, M.,
"Simultaneous Induction of Axial and Planar
Chirality in Arene-Chromium Complexes by



Molybdenum-Catalyzed Enantioselective
Ring-Closing Metathesis", Chem. Eur. J. 2015,
21,4954-4957 (DOI: 10.1002/chem.201500226),

(9) Arae, S.; Ogasawara, M., "Catalytic
Asymmetric ~ Synthesis of  Planar-Chiral
Transition-Metal Complexes", Tetrahedron Lett.
2015, 56, 1751-1761 (DOI:
10.1016/j tetlet.2015.01.130), #e A .

(10) Kotani, S.; Aoki, S.; Sugiura, M,

Ogasawara, M.; Nakajima, M., "Phosphine
Oxide-Catalyzed Enantioselective Intramolecular
Aldol Reaction via Regioselective Enolization of
Unsymmetrical Diketones with
Tetrachlorosilane", Org. Lett. 2014, 16,
4802-4805 (DOI: 10.1021/01502269w), E#H A .

(11) 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 (;-Arene)chromium
Scaffold: Design, Synthesis, and Application in
Asymmetric Catalysis", J. Am. Chem. Soc. 2014,
136, 9377-9384 (DOIL: 10.1021/ja503060¢), T
A

(12) Shang, Y.; Tamai, M.; Ishii R.; Nagaoka, N ;
Yoshida, Y.; Ogasawara, M.; Yang, J.; Tagawa,
Y., "Hybrid Sponge Comprised of Galactosylated
Chitosan and Hyaluronic Acid Mediates the
Co-culture of Hepatocytes and Endothelial Cells",
J. Biosci. Bioeng. 2014, 117, 99-106 (DOI:
10.1016/j.jbiosc.2013.06.015), A .

(a3 GHofr)

(1) Ogasawara, M., "Catalytic Asymmetric
Synthesis  of  Planar-Chiral =~ Zirconocene
Derivatives and  Their = Application in
Carbometallation Reactions", Pure and Applied
Chemistry  International Conference 2016
(PACCON 2016), Bangkok, Thailand, February
9-11,2016.

(2) Ogasawara, M., "Catalytic Enantioselective
Synthesis of Planar-Chiral Zirconocenes and

Application  in  Asymmetric Catalysis",
International Science & Nature Congress
(ISNaC2015), Kuala Lumpur, Malaysia,

September 21-23,2015.

(3) ANAFIFIEIE, T AN B A R S AR 0 il i
ARF G L A R BRE~DIE
Symposium on Molecular Chirality, 53/~ Z A
JeHERE (MCRO), 5| H K778 5440 & v o
A (BORRRBIK) . 2015 4R 6 F 12-13 H.

(4) Ogasawara, M., "Design, Synthesis, and
Application of Atropisomeric Chiral Dienes in
Asymmetric Catalysis", The 8th Singapore
International Chemical Conference (SICCS),
Singapore, Singapore, December 14-17, 2014.

(5) ADSEFIEE, T —REBEEMEIC X 3

FEPLAFTDOSARGIE . ANV X5 Y v
27 % 3+ — TThe Art of Catalysis Design .,
fit A G ESEITE S AR T RETY
7 — v A=) CGREER - i) . 2014
F11H25H.

(6) Ogasawara, M., "Enantioselective Synthesis
of Planar-Chiral Ferrocene-Fused 4-Pyridones
and Their Application in Construction of
Pyridine-Based Organocatalyst Library",
Vietnam Malaysia International Chemical
Conference, Hanoi, Vietnam, November 7-9,
2014.

@) Ogasawara, M.,
Enantioselective Transformations on
(n°-Arene)chromium Templates by
Molybdenum-Catalyzed Asymmetric Metathesis
Reactions", The 18th Malaysian International
Chemical Congress, Kuala Lumpur, Malaysia,
November 3-5,2014.

(8) Ogasawara, M., "Catalytic Enantioselective
Synthesis of Planar-Chiral Transition-Metal
Complexes and Their Application in Organic
Transformations", The 8th Asian European
Symposium on Metal-Mediated Efficient Organic
Synthesis (8th AES-MMEOS), Cesme/Izmir,
Turkey, September 7-10,2014.

"Development  of

(9) Ogasawara, M., "Development of Catalytic
Enantioselective =~ Transformations  Utilizing
(n°-Arene)chromium Templates and Chiral
Molybdenum-Alkylidene Catalysts", 41st
International ~ Conference on Coordination
Chemistry (ICCC-41), Singapore, Singapore,
July 21-25,2014.

6. RFEIERE

(HiF7eERE

/INEEJE IE5E (OGASAWARA MASAMICHI)

LT KA - iRl SE AT - HEZ R
MK : 70301231

(2)Fe

L

(3)uEHERFIE

L



