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Synthetic chemistry of allenic compounds, which are important synthones in
organic chemistry, has been developed using various transition-metal speceis. It was found that the use
of BDT, which is a cyclic bissulfone, as a pronucleophile in the ﬁalladium—catalyzed allene synthesis
reaction afforded the corresponding axially chiral allenes in high yields with excellent
enantioselectivity. This novel reaction conditions enabled us to access various alkyl-substituted
allenes, and thus the asymmetric total synthesis of a wide range of naturally occurring allenes could be
realized.

Easily accessible 3-bromopenta-2,4-dienyl acetate was applied to the palladium-catalyzed reaction with
soft nucleophiles. The reaction proceeded through the stepwise twofold nucleophilic substitution via
formal SN2°- and SN2-processes giving the various doubly functionalized C2-symmetric allenes in good
yields.
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Figure 1. Two enantiomers of axially chiral allene
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Scheme 1. Palladium-catalyzed asymmetric synthesis
of axially chiral allenes.
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DBT/DeBuPhos DflAGboEEHAWS Z &
XV, BaRARYT L o DODRFEE &%

5 Z LN TE 2, Scheme 4 (236 Tl

TF LY a—AnbEETES VUL
I#EL-E Faxi T uesdzy | 2HFH
B LT, BARES TR0 RSN HE
MAERZAETHT L DOEERRD 88% ee T
R ST,

HALEEEERERE L TS LT w

270 A% 05y vEEEATH B
Enprostil (ZEARAE 7L o263 2{Ld
Vb s, TR, 7L oL b
IZBY 2 v~ —REY CLRREERDIRS
Y1) & LTIRFEE N T\ %23, Figure 2 45 |k
W T BER D R b FEHEME N E W L8
WEIN T3, £/, Enprostil o7 L~
WAL, A NIRRT TLY - 7 va— Lz
WTEHATZZENTES, Tabb, 20D



T LYo TV a— VOB 7z HlfH LT AR
T2 EMNTEE, X EHEEOE

—_—

HO -~y ——=»TBSO._CHO —=; TBSO\/\(\

TBSO

NaH

R —
Br(CH,),0TMS
silica gel column
0™o 0o

‘Bu‘Bu

oxidation
methyl-esterification

Enprostil 2/ TE5 2 LItk 5,

TBSO
Pd/(R)-DeBuPhos N

N
(5 mol %) \»»_ 50,

—_— >
Br Me3SiCH,Li, r.t. 0,8 i
92% ee (89%)

TBSO
,S Mg/MeOH AN

A Nl

HO(CH,)2 ‘SO3 (82%) OH
(86%)

HO\/\\ 88% ee

AroP PAr,
(R)-DeBuPhos

TBS deprotection

62%; 4 steps)
N3 (
CO.Me

Scheme 4. Asymmetric total synthesis of methyl ester found in Sapium Japonicum.

Pd/(R)-DeBuPhos

TBSO
A T R s N
\/\BT\ Me;SiCH,Li, r.t. ]
TBSO ™

(5 mol %) 0,8

2. ~50,

(0]
NaH MeO,C_ §2

—_—
X
CICOMe  rpgo~r OZSD

92% ee (89%) (91%)

Mg/MeOH
Mg/mebr
TBSO™

H CO,Me
Al T s

H COzMe
A
HO

90% ee (70%)

Scheme 5. Asymmetric synthesis of allenic side arm in Emprostil.

AFFEICE D BB L 2 KIeSEt%2Hw 3
Z L2k b, Enprostil @7 L A0 E A
AR E R ZHEAKFT LY -7 a— L& 90%
ee THBIZAZART 2 2 LB TE
(Scheme 5),

o)

/
%j;v-/‘%/\cozm
i ®. =
_ N N0Ph Enprostil (Camleed®, B =%)

N H inhibitor of gastric HCI secretion

HO OH

on the market as epimeric mixture

H CO,M
o] (R)//!.../_ 2ve

TN
; ~"0Ph

/;4 /—COZMe
HO™ N
HO OH
most potent isomer
Figure 2.

F BT L ARG E LT Scheme
6 (TR TRICDOBRFICEII LIz, ZZ THW
T o e b EE LT A LI
L0 N5 A T SR E WU G D T

AcO S
SN o NeH

Br

[Pd(z-allyl)Cl]5 (1.0 mol %)
dpbp (2.2 mol %) NU~
base X"Nu

Scheme 6. Synthesis of Co-symmetric allenes by Pd-
catalyzed double nucleophilic substitution.

17U C-RATRMEEREILT L o @ W TS
b xR LT,

5. EBRRANF

CMERERR ) GE1 9 1)

(1) 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., in press (DOI:
10.1002/adsc.201500343), A .

(2) 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, (DOLI:
10.1021/acs.orglett.5b01044), ZHiA .

(3) 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), A #Hif .

(4) 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), & FH A .

(5) Kamikawa, K.; Arae, S.; Wu, W.Y,
Nakamura, C.; Takahashi, T.; Ogasawara, M.,

Nakajima, K.; Takahashi, T., "Inter- versus
Intraannular ~ Ring-Closing ~ Metathesis  on
Polyallylferrocenes: Five-Fold RCM within a
Single Molecule", Organometallics 2013, 32,
6593-6598, (DOI: 10.1021/0m400936b), 7 Fi
A.

(13) Kotani, S.; Ito, M.; Nozaki, H.; Sugiura, M ;
Ogasawara, M.; Nakajima, M., "Enantioselective

"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),
i,

(6) Arae, S.; Ogasawara, M., "Catalytic
Asymmetric ~ Synthesis  of  Planar-Chiral

Transition-Metal Complexes", Tetrahedron Lett.
2015, 56, 1751-1761, (DOLI:
10.1016/j.tetlet.2015.01.130), ZHEFH .

(7) 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),
HHA.

(8) 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/ja503060e), &
A .

(9) 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), FEHif .

(10) Ogasawara, M.; Kotani, S.; Nakajima, H.;
Furusho, H.; Miyasaka, M.; Shimoda, Y.; Wu,
W.-Y.; Sugiura, M.; Takahashi, T.; Nakajima, M.,
"Atropisomeric Chiral Dienes in Asymmetric
Catalysis: C,-Symmetric (Z,2)-2,3-Bis[1-
(diphenylphosphinyl)ethylidene]tetralin as
Highly Active Lewis-Base Organocatalyst",
Angew. Chem. Int. Ed. 2013, 52, 13798-13802,
(DOI: 10.1002/anie.201308112), Faef .

(11) Suzuki, N.; Inoue, T.; Asada, T.; Akebi, R.
Kobayashi, G.; Rikukawa, M.; Masuyama, Y.;
Ogasawara, M.; Takahashi, T.; Thang, S.,
"Asymmetric Aldol Reaction on Water using an
Organocatalyst Tethered on a Thermoresponsive
Block Copolymer", Chem. Lett. 2013, 42,
1493-1495, (DOI: 10.1246/c1.130711), &7 A

(12) Ogasawara, M.; Wu, W.-Y.; Arae, S;

Morita-Baylis-Hillman Reaction Catalyzed by a
Chiral Phosphine Oxide", Tetrahedron Lett. 2013,
54, 6430-6433, (DOI: 10.1016/j.tetlet.2013.
09.067), &HHif .

(14) Ogasawara, M.; Arae, S.; Watanabe, S
Subbarayan, V.; Sato, H.; Takahashi, T.,
"Synthesis and Characterization of Benzo[b]-
phosphaferrocene Derivatives", Organometallics
2013, 32, 4997-5000, (DOIL: 10.1021/
om400496b), EH A .

(15) Ogasawara, M.; Arae, S.; Watanabe, S
Nakajima, K.; Takahashi, T., "Kinetic Resolution
of Planar-Chiral 1,2-Disubstituted Ferrocenes by
Molybdenum-Catalyzed Asymmetric
Intraannular Ring-Closing Metathesis", Chem.
Eur. J. 2013, 19, 4151-4154, (DOI:
10.1002/chem.201300116), A #Hif .

(16) Ogasawara, M.; Suzuki, M.; Takahashi, T.,
"Preparation of C,-Symmetric Allenes by
Palladium-Catalyzed =~ Double Nucleophilic
Substitution on 3-Bromopenta-2 4-dienyl
Acetate", J. Org. Chem. 2012, 77, 5406-5410,
(DOI: 10.1021/j0300511e), FEFHi A .

(17) Ogasawara, M.; Wu, W.-Y.; Arae, S;
Watanabe, S.; Morita, T.; Takahashi, T,
Kamikawa, K., "Kinetic Resolution of
Planar-Chiral (n°®-Arene)chromium Complexes
by Molybdenum-Catalyzed Asymmetric
Ring-Closing Metathesis", Angew. Chem. Int. Ed.
2012, 51, 2951-2955, (DOIL: 10.1002/
anie.201108292), ##ifi.

(18) Ogasawara, M.; Ge, Y., Okada, A,
Takahashi, T., "Effects of Silyl Substituents on
the Palladium-Catalyzed Asymmetric Synthesis
of Axially Chiral (Allenylmethyl)silanes and
Their Sg2' Chirality Transfer Reactions", Eur. J.
Org. Chem. 2012, 1656-1663, (DOI:
10.1002/ejoc. 201101634), HHif .

(19) FiiL  FEK - ANEROIETE, THA S ER
SRR O MBI A ARy, ARSI
W & §& ., 2012, 70, 593-605, (DOI:
10.5059/yukigoseikyokaishi.70.593), ZFFiH .

(a3 GH6 411)

(1) 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.

(2) DSEFIEE, T —REBEEMEC X 3



FEPDLAFTDOSARGIE . AN X5 Y v
27 % 37— TThe Art of Catalysis Design .
fit A 2 G RESEITE S HER T RETY
7 — v A= CGREER - i) . 2014
F11H25H.

(3) 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.

(4) Ogasawara, M., "Development of
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.

(5) 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.

(6) 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.

(7) Ogasawara, M., "Catalytic Enantioselective
Synthesis of Planar-Chiral (n°-Arene)chromium
Complexes", The 247th ACS National Meeting,
Dallas, TX, USA, March 16-20, 2014.

(8) Ogasawara, M., "Atropisomeric Chiral
Dienes in Asymmetric Catalysis: Design,

Synthesis, and Application of C,-Symmetric
(Z,2)-1,2-Bis[1-(diphenylphosphino)ethylidene]c
ycloalkane Derivatives", International
Symposium on Catalysis and Fine Chemicals
2013 (C&FC 2013), Renmin University of China,
Beijing, China, December 1-5,2013.

9) ADNEIFIEE, DA A Tl S A
77 —DOREE,, HA 7 ax 2{k4 2013
A= VRIS A, HA 70X 2L
2. e RESE (=R - i), 2013
fE 11 H 28-29 H.

(10) Ogasawara, M., "Palladium-Catalyzed
Asymmetric Synthesis of Axially Chiral Allenes
and Application to Synthesis of Allenic Natural
Products", The 48th Advances in Organic,
Bioorganic and Pharmaceutical Chemistry
(Liblice 2013), Harmony Hotel, Spindleriiv Mlyn,
Czech Republic, November 1-3,2013.

(11) Ogasawara, M., "Catalytic Enantioselective
Synthesis of Planar-Chiral (;t-Arene)chromium
Complexes", The 4th UK/Japan Conference in
Catalytic =~ Asymmetric ~ Synthesis,  Sendai
International Center, Sendai, Japan, April 18-21,
2013.

(12) Ogasawara, M., "Catalytic Enantioselective
Synthesis of Planar-Chiral Transition-Metal
Complexes", The 245th ACS National Meeting,
New Orleans, LA, USA, April 7-11,2013.

(13) Ogasawara, M., "Catalytic Asymmetric
Synthesis of Planar-Chiral Ferrocenes and Their
Applications in Optically Active
Metallocene-Polymers", The 3rd Molecular
Materials Meeting (M3), Singapore, Singapore,
January 14-16, 2013.

(14) Ogasawara, M., "Pd-Catalyzed Asymmetric
Synthesis of Axially Chiral Allenesand Their
Application in  Organic  Transformations",
Visiting Lecturer of the Chemistry Research
Promotion Center (Taiwan), National Science
Council, Taipei, Taiwan, December 24-28,2012.

(15) Ogasawara, M., "Herically Chiral Dienes in
Asymmetric  Catalysis:  C,-Symmetric  (Z,
Z)-1,2-Bis(1-diphenylphosphinylethylidene)cyclo
hexanes as Highly Acitve Lewis-Base
Organocatalysts", The Ist Japan-USA
Organocatalytic Symposium, Honolulu, HI, USA,
December 15-18,2012.

(16) Ogasawara, M., "Design and Synthesis of
Phosphine-Olefin Ligands Having Planar-Chiral
(rt-Arene)chromium Framework and Application
in Asymmetric Catalysis", Cambodian Malaysian
Chemical Conference, Siem Reap, Cambodia,
October 19-21,2012.

(17) Ogasawara, M., "Helically Chiral Dienes in
Asymmetric Catalysis: Design, Synthesis, and
Application of 1,4-Bis(phosphino)-1,3-butadiene
Derivatives Having C2-C3-Fused Cyclic System",
The 17th Malaysian Chemical Congress, Kuala
Lumpur, Malaysia, October 15-17,2012.

(18) Ogasawara, M., "Design and Synthesis of
Phosphine-Olefin Ligands Having Planar-Chiral
(mt-Arene)chromium Framework and Application
in Asymmetric Catalysis", Cambodian Malaysian
Chemical Conference, Siem Reap, Cambodia,
October 19-21,2012.

6. RFIERE

(HiF7eE&E

/NEEJE TE5E (OGASAWARA MASAMICHI)
AHEE R - A2 Ege e v 7 — - HEFPZ
MK : 70301231
(2)Fe

L

(3)uEHERFIE

L



