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BFoE Rk R o B E (95 L) : We have developed new chiral diene ligands base on
tetrafluorobenzobarrelene (tfb) framework. Their rhodium complexes displayed high catalytic activity
and enantioselectivity in the addition of arylboron reagents to unsaturated bonds. Iridium/chiral tfb
complexes were also found to display high catalytic activity in the asymmetric 1,6-addition of
arylboroxines to dienones giving the corresponding addition products in high yields with high
enantioselectivity.

BT ERA
(BHEHAL - 1)
[ERESET Rl ieE e & &t

20104 1,400,000 420,000 1,820,000
201 14# 1,300,000 390,000 1,690,000

I

I

FE
w3t 2,700,000 810,000 3,510,000

Disnan R =
B E O5E - #IH - HALE: - Bk
X —U— K REFEMK - i

1. WHEBRAA LRI OH = (2, AL I OSZARBE IR oD i W AT R

EREBMIEAE W ARERRGIE, E
3L - I B O E O v E A A
B OREBA I R D8 7 W E B2 SR E
WDO—>Th D, iz, T DBOARF
WD Z L TREONFIEEE Y 2 S
B C X BB AR A RklE, EANB X0
WEICEETHD. £, HAYEFIIBWT
%, RONTIRFBERZAGDFAT D720

BT AORRENRD LN TS,

fil SO R 5 B R 2 RIS AT D 72012,
WY e R FREAMET HLERH Y, FAL
FOFFFNEEL 2D, ERBICEANSLL TED
SARBREE 2 I S 7m0l U v, B, BE,
M2 &R & T D82 I RFEANL
FRBEEINTWD., —7F, fEEIC KX
TR RAFE T DI Z OEANLF DILAR T T



Tlix7e<, BN FOMEICL > TEDL D &R
OELRE (BETEFELITEFAL) TH
B Bz, RAT 4 VEAFOBREITY v
R EoEBREEZEZDZLICE->TED
& LCOERBICHTH2ETFD RF—
MW, T2 —MERKEINS.

BT, FILOAFEMN L LTHFI ALY
VBN BHRE S AL, DR ARG A AR ARk
~ERBEEINRTWS. Zovx VRN AT,
T ODT IV VENL DN & R~ D ELNLEBAL &
o0, FOBHRBIC Lo TEN- AT BESY
EV L, UIXUIESAARHIEI D A7 & 9 i
EMHICB W T SRR ORI F % 8 2 5 HRE
By, £, BEREOEANKS T LM
b, &R LOETHIEEZFESIITH>TENT
XHEWFEETESD. L, VRN,
RAT 4 EDY VEAIC X DENLICH
AT, A B~ OENL ST BTHN T E A LIE
LIEga e, AN tnTxr48E1T
FIIr P TAIRELNATWD. S5, $R
M7 FERICbELEEF R EO KA
HLTWA.

2. MO HM

W 2B/ E AT DR IX%ERS
LB ~DEWEIREIZ L - T, FO4&BEER
DREEMEZ ED D &R, RIS E2 INE
THGEENH D, RIFETIE, &SV r=zH M
FEONFEEMET T A u RN
L (tfb) Bl 1 DR =R G L OfENL & 2 D
X TV tfb/ &SR & AL & 3 2 AREROG
DOFIFEEIT . B, B O it d 2
WAL S 2 AR A A R BOSIZ B 1T 5
il L TE M O RN =AY & ST AR R IR M o 1 &
179.

3. Mo FHik

& JBITxE T D AR & B AT O
7208, TR T7AFuRU RN LU ER
BRI oz TI LY VRN
DERRZITV, & D& BRSO ffyg M 2 71
L, BRI S <08 LR E O
B Z21T 9. BUNL 1O & BB XL OVRF
RIS ~DREMZEETATLTITY. BA%T5
LR ARFERMIGE LT, EZr YT LAR
AV DT L' RN RE- RSB SRS
1T, £, V7 Mo mREEREER L
L COMBEHERE 2 & D8R D A pk & AR F il
RS DOBIR BT .

4. MR

(1) AV ULz L A7 Y —/Lhm X
LU DARFE 1,6 MRS

AFNEEE BEHRILIZREOX 70 b BT
DA VT LEEREEEE LTHOWD &, 7
IR P = A SV Nt = e ey P o ) 2
LB ~E T U F A EIR T 1,6 IR

P2 2B nic Lz (X1).
ZDORIGETH, th FAALF D b D w BRI &
STREEINTZAV VT LEERER NS
ZEBRIGDOEITICARA] R TH - 1=,

o cat. [IrCI(L*)],
RPN pe (ArBO), KeCOp MeOH R A M
FF NSRe
R 0 l DBU
d F (0] Ar
Me \ R1J\/\/LR2
L* Me up to 99% ee

(2) BT ARIEIC L DT U — R m g
DA LT I RAOARF 1,6 KIS

7 xut = VHE RO b BT, vy
AN (Y e A el ) I W N = AN -30p e s
A 27 2 LW ~DARFE 1,6 HMKIGICE
DO THMEE, JeFHEET Vo HE /D
W, =FrFr@Rttcizxiz X2).

ArB(OH), [RhOH)(S,S)-Fortio”)l  po

+ (5 mol % Rh) |
LOmMEARN
R? SiR3  K3PO, (20 mol %) R“N

R"’I\‘M ;g;(éoxane/HZO W

FF 94-99% ee

F
O (S,S)-Fe-tfb*
F Fc: ferrocenyl

,Fc

Fc

(3) ¥ TNy ails b+ 25 =BT
DT EFDOr DT A X 5 RE Y
=0 = PANVE [Arans

FNRNT I RT7 ==V EES th BT
ZEBAR L, TORMNFR—Morooa Py
LKL TYZ o EHNR=VBRREICLD
ZEETEMT A EEALMILEE (K3).
TOERIL, VAFATCT Y vrx— FEH
WEAF L UVEOREZEY 7 v a R b
BB W TE WL PE & =) o F 48R
MERLE. 3k, o7 ~axr—hMlkb
- /A== WA ()3 Gl == A A== ag
FARIRVEN R S NT=HT 72 o 7203, &
[ BE & L 7= it i 1 s W o F RN &

‘\Ar
.~=SiR;
@)

RLTEHIDTOR &7 5.
o o
R+ MeoMOMe
N
B |
toluene, 40 °C \<

MeO,C_CO,Me

/A up to 90% ee

R

(4) v UL/ I AT fillltlc LAY
A DAFBRIER Y ~— (LG

KT VFX ERNET AR NERD
x4 R AWT, BP0 L IeRENE
VUM L ARY T F L oA KELT
S (R4d). TXTINRELBYPE 18-V A



DEAGRISICE > TERLIERY ~—I1F, IE
HERE E CD ALY RLinG, LTS
HARFEZRTZ ERbhotz. KESMIG

TIL, K7 L% DTN & NE T L
3?/0) STINFEANKZHITHEITL, BERD
BAEEEZFHEORY 7T EF Lo RNELRT
LEZLND.

Ar' [RhCI(Me-tfb*)],

triphenylvinyllithium in toluene \ Ar!
f Il ppn \_/
(Rh/RLi/PPhg = 2/5/10) (@)
N CgHsF, 20 °C, 24 h N2

A2 [M]=50 mM, [Rh] = 2.5 mM

Me Optically Active Helical Polymer
P “
Fre—>
F E
Me

(R.R)-Me-tfb*

(5) ¥TNIVTU-—TRAT 4 v = JERAL T
DORFEEEOu Yy MM D 1,6-= A
¥ DOARFEAC RS

VE TR AT 4 Z RN A A
L, Zovayy AgEREEEE S5 1,6-=
YAV DARFERACEMALKIEEIT o2 (K
5). AKIGTHWLN D v YT AEEIRIE,
SR IICHIE S S BEAL E Tk
B EHDLAFHZICL - T, @OBRBIET L =
FTUFARNEEREET L2 L 2B LN
L7=.

g¢  [RhCI(R)-L1 or L2)]

% (2 or 5 mol % Rh) =\ _g*
TsN R NaBArF, TsN (5)
\%\Hz CICH,CH,CI /;X\‘RS
| 10-60 °C, 12-72 h Rt R?
R up to 99% ee

o}
N/ [e}

JAUN 4 OMe (R)-L2
c’ P
Ar )\r

(6) BYUAfBLc LD B-TvaxsT
7 Y NAFBET AT )L ~DARE 1 A
7ot /LEEES th B TFIE, =Y
U AR E AW T V=R 0 fb-
TNaAXT T I U NRTATILV~DARE 14-
FIIRISIZ E b THZNCE =, JeFIEHE B
TN axT BT U=V VR BT AT
NEIEFIZE WIS, =) v F A RRETH
Z 7= (06). KRS THEKHELILEMIT,
KR EIHEMIZEZ AN BKE LD,
IO EARE LAMNISIZE > TR LT
WD TOHITHS.

(ArBO)3 [Rh(OH)L],

o? % Ro/u\/'\og g Q“ ©)

CH,Cl/MeOH
ROJ\/\OR S >99.5% ee

|- Fc
Fc: ferrocenyl

(7) AV ULAitic L 5 ES= D
ARE 16T BITFHHR T LT DE
1l 4

T AT NVHEZEBRILIZEFOX T 1 tb B
FEHICARL, TOA VDT LpERE R
P LTHWS L, TU =R x omng
PAZ TV — N EEFFo®E T 7 v~ Emn
T U F BRI T 1,6 BIRAISATINT B 2
EEHLMNMILE (X7). ZORIETIE,
T AT NVETER I th BN 0 KD
TR R TH Y, WERDOENL T TrIEak
%ﬁ#otiﬁfi//@ﬁﬁ%ﬁ%ﬁ
rI]BE j’ZD &75‘5:1’5'571

(ArBO)3 [IrCI((S,S)-L)],  RhCI(PPhy); (0] Ar,

(2 mol% Ir) (5 mol%) R2
ReaND oL

up to >99.5% ee

0

T\

K,CO3 H, (1 atm)
MeOH/CH,Cl,  MeOH
30°C,24h rt, 12h

COLAr

a Ar: 2-naphthyl
- “ (8.5)-L

COLAr

(8) mYUAfEIZL A MY T U —L AT
VT X VDKL

KM O EZ AR AT L=
VBN E RO B VT AR IR A il L %
WHEFEE R TV =N AF LT DK
ZiTo7 (A8). KRIETIE, 7V —/iE

BERIKA NV =V F I ~D7T U — LR
a2 v OINISIZ X 3ODHERLRDT

U — VIR CEBR SN AFIRE O EEHD
TS T AR THEELEWD TOFIT
HD. Fiz, ERYOBRESE R TIZEIN
THZETHFEENI TV =L AT AT
SUNLCEWTEDH I EEHALIILT.

o.p [RACI(A)-L)l, o0f

S\ S\
| % Rh NH
N + (ABO), Smol%eRN ®
; KsPO4 (1 equiv) /N, Ar2
Ar t-amyl alcohol ¥

1,4-dioxane
60 °C up to 99% ee

X
8. [RhCI((R)-L)]. .
O N 1olB0), _5mol % RR)” O"""NH
—_—
Ph +  (ptolBO) KaPOy4 (1equiv) XN p-tol

t-amyl alcohol Ph

1,4-dioxane

80°C,24h
5. ERFEEmMLE
(WFFERFHE . WHIE A RO JEH (2
(T T#)

71%, 99% ee

triarylmethyl stereogenic center

(MG SC) (R 13 1)
(LT, $_THEHA)

(D  Takahiro Nishimura, Akira Noishiki, Gavin
Chit Tsui, Tamio Hayashi, "Asymmetric
Synthesis of (Triaryl)methylamines by
Rhodium-Catalyzed Addition of



Arylboroxines to  Cyclic ~ N-Sulfonyl
Ketimines", Journal of the American
Chemical Society, 2012, 134, 5056-5059.
DOI: 10.1021/ja300697¢

Keigo Sasaki, Takahiro Nishimura, Ryo
Shintani, Eric Assen B. Kantchev, Tamio
Hayashi, "Rhodium/diene-catalyzed
tandem 1 4-shift/1 4-addition of (E)-1,2-
diphenylethenylboronic acid to enones:
density functional theory modeling and
asymmetric catalysis", Chemical Science,
2012, 3, 1278-1283. DOLI:
10.1039/c¢2sc01093c

Takahiro Nishimura, Akira Noishiki,
Tamio Hayashi, "Electronic tuning of
chiral diene ligands in iridium-catalyzed
asymmetric 1,6-addition of arylboroxines
to  d-aryl-o,f3,y,0-unsaturated  ketones",
Chemical Communications, 2012, 48,
973-975.DOI: 10.1039/c2¢cc16973h
Takahiro Nishimura, Akira Noishiki,
Tamio Hayashi, "Concise Synthesis of
B.p-Diaryl Esters and Ketones from
Ethynylcarbonyl Compounds by
Rhodium-Catalyzed Double Arylation with
Arylboroxins", Chemistry Letters, 2011, 40,
1285-1287. DOI: 10.1246/c1.2011.1285
Takahiro Nishimura, Atsuyuki Kasai,
Makoto  Nagaosa, Tamio  Hayashi,
"Rhodium-catalyzed asymmetric addition
of arylboroxines to f-alkoxyacrylate
esters", Chemical Communications, 2011,
47, 10488-10490. DOLI:
10.1039/c1cc14150c

Takahiro Nishimura, Takahiro Sawano,
Keiyu Ou, Tamio Hayashi,
"Cobalt-catalyzed conjugate addition of
silylacetylenes to o,3-unsaturated ketones",
Chemical Communications, 2011, 47,
10142-10144. DOI: 10.1039/c1cc14098a
Takahiro Nishimura, Yuko Maeda, Tamio
Hayashi, "Chiral Diene-Phosphine
Tridentate Ligands for Rhodium-Catalyzed
Asymmetric Cycloisomerization of
1,6-Enynes", Organic Letters, 2011, 13,
3674-3677.DOI: 10.1021/012013236
Yoshitaka Ichikawa, Takahiro Nishimura,
Tamio Hayashi, "Rhodium/Chiral
Diene-Catalyzed Asymmetric
Cyclopolymerization of Achiral
1,8-Diynes", Organometallics, 2011, 30,
2342-2348.DOI: 10.1021/0m200088q
Takahiro Nishimura, Makoto Nagaosa,
Tamio  Hayashi, "Rhodium-catalyzed
oxidative alkynylation of acrylate esters
with propargylic alcohols", Tetrahedron
Letters, 2011, 52, 2185-2187. DOLIL:

(%
@

FRIFER)

10.1016/j.tetlet.2010.11.120

Takahiro Nishimura, Hiroki Makino,
Makoto  Nagaosa, Tamio Hayashi,
"Rhodium-Catalyzed Enantioselective

1,6-Addition of Arylboronic Acids to
Enynamides: Asymmetric Synthesis of
Axially Chiral Allenylsilanes", Journal of
the American Chemical Society, 2010, 132,
12865-12867. DOI: 10.1021/ja1066509
Takahiro Nishimura, Yuko Maeda, Tamio
Hayashi, "Asymmetric Cyclopropanation
of Alkenes with Dimethyl Diazomalonate
Catalyzed by Chiral Diene-Rhodium
Complexes", Angewandte Chemie,
International Edition, 2010, 49,7324-7327.
DOI: 10.1002/anie.201003775

Takahiro Nishimura, Takahiro Sawano,
Sumito Tokuji, Tamio Hayashi,
"Rhodium-catalyzed asymmetric conjugate
alkynylation of nitroalkenes", Chemical
Communications, 2010, 46, 6837-6839.
DOI: 10.1039/c0cc02181d

Takahiro Nishimura, Yuichi Yasuhara,
Takahiro  Sawano, Tamio Hayashi,
"Iridium/Chiral Diene-Catalyzed

Asymmetric 1,6-Addition of Arylboroxines
to o,B,y,0-Unsaturated Carbonyl
Compounds", Journal of the American
Chemical Society, 2010, 132, 7872-7873.
DOI: 10.1021/ja1034842

GF121F)

VEAT B - VIR - Ak RAE, mYy
L N7 U — v e O
VIFF T2, 1-UFFT D
ARFAM, AREFERE 9 2 FHFES,
2012. 3. 26, BEIGFENY: CGRAUHD).
FREPRLR - £ OB - AAEE- K R
A, @ )r M E Tz o, B
7 b o T IV F = LG, BA
=% 9 2 FWIHFES, 2012.3.26, &
IGFEEART: (HRUHD) .

FREPRLR - £ OB - AAEE- K R
A, s M E e A YN
JNVERNF KT HEARET L F
=R, BAEERH 9 2 BRHHFER,
2012. 3. 26, BEIGFENY: CGRAUHD).
VAR EYE - BT A7 - 4k RZE, Chiral
Diene—Based Tridentate Ligands:
Rhodium-Catalyzed Asymmetric
Cyclopropanation and Cycloisomerization,
%5 8 A E RIS, 2011.9.7,
Al ERY (BEE).

PEATEYE - kR @Mk RAE, mYY
L=F T LV T KD R TV
VOB T ) DR BN,
HALERE 91 B2, 2011.3.11,



AAALR 5 91 FWIHEZ (2011) FEHT
e

©  AETE - BB EK - MR RAE, nYU
LA AN o= ha TV DR
I T v F = EROE, BAREFERE
91 EMF, 2011.3.11, AARIERE
91 FIFE 2 (2011) G TRaER.

@  AETE-BH-A Bk R4, AV
PUL/FT NI N T Y
—Rex D 6-7 U —-a, B,
v, 6 =R I AR = AL E~DAR
71,6 APINEE, BALRE 91 F

2, 2011. 3. 11, AAALERE 91 B
2 (2011) G T AR 2R

PEATEEVE « ARSI - Ak R4, mUT
LA W27 ) —aRa X 0
B-TNhaxv 7 I VU NBERT AT IL~D
AF L AINMBOE, AAMBSERE 91 &
W4, 2011.3.11, BALFAE 91
B (2011) G TR SR,

(©  Takahiro Nishimura, Tamio Hayashi,
Rhodium-catalyzed asymmetric
alkynylations, The International Chemical
Congress of Pacific Basin Societies
(Pacifichem 2010),2010. 12. 16, A&~ / /L)L

(NTA).

Takahiro Nishimura, Takahiro Sawano,
Tamio Hayashi, Rhodium-catalyzed
asymmetric conjugate alkynylation of
a.,B-unsaturated aldehydes, The
International Chemical Congress of Pacific
Basin  Societies  (Pacifichem 2010),
2010.12. 16, &K/ L (NTA).

@ MAEPE - BEHER K RAE,
Rhodium-Catalyzed Asymmetric
Alkynylation of Nitroalkenes, %5 5 7 [FIf5
e R bR, 2010.9.16, HRK
o OREHR) .

@  Takahiro Nishimura, Chiral
Tetrafluorobenzobarrelene  Ligands for
Rhodium- and Iridium-Catalyzed
Asymmetric Reactions, Inaugural

Conference on Molecular & Functional
Catalysis ICMFC-1),2010. 7. 13, > >4
R—Il.

(Z Dfih)
R— L= U5
http://kuchem kyoto-u.ac.jp/orgchem/Hayashi_La
b/Index.html

6. MFSTHHA
(HAFFEREE

Wkt E7E (NISHIMURA TAKAHIRO)
HEKRF « KREBEEEA R, - AT
WroeE 5 1 50335197




