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ultimate asymmetric synthesis of medicinal compounds by borrowing hydrogen
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i ) _Tandem asymmetric hydrogen transfer oxidation/aldol condensation under relay
catalysis of a chiral iridium complex/achiral Bré&oslash;nsted base binary system is described for

the synthesis of a -benzylidene-y -hydroxytetralones with high ee’ s. A two-step synthesis of
catalponol was achieved using this sequential methodology together with regio- and stereoselective
hydroboration.

Ir-catalyzed asymmetric Tishchenko type reaction has been investigated. The reaction involves a
reduction step of dialdehyde,.the intramolecular cyclization and the final oxidation to form
lactone. The reaction of meso-dialdehude took place selectively to give the desired lactone with 78%
yield and 91% ee . This is the first example of asymmetric Tishchenko type reaction

catalponol



B X C—19,. F—19—1. Z—19,.

1. AFZEBAE 4P D 5

RN TR OB ERIC L 0 . FfEA
DAL B 3 Al — R CHEF I/ T i T
%o DK D IR S IE L B O RS —
FEITHEITT D70, Wi, BRIE, SRR T
OB SRR, 7V =27 I AR —
DOBENOLEETH D, ZIVE THRAITH
i R=RV Ry AV S ll = () By VN SR N 17 N
BA%E L. KEBENE OB I BT A 5T
EITHoTC& Tz, AW LAY U LEE
{&1Z Oppenauer B0 A — /L DL
Z 7 N ACKIGSIZRT L, Flou oo AR
AF Michael G2kt LA TH D,

ARl BFZET 2 KBERBIG O —H1% XK 1
\RT, B, 7 N CHEOT VX AR R
VEaxT ) T— M ElTiES B, ~xu s Ak
THAFNERIESEDT20, KGRI Ee BT
MXDEIET D (Ekik), —F, KFEEH
Bt T —H O i TKRF D+ OE LY
LN G, ZEREORISEREBT S, 7L
I—)VEEE, KGEEE L THWSZD,
BRI AKIE T D, 7V —VRKIETH D,

Bl KREAREOAH=X LA

R NoH + )?\ """"""" > R/\)J\ *+H,0

FiEtE

1353

]
R/\X + j&  — R/\)]\ + MX

&

Z OKRFER N IE S AU A>T D
W OMRREIFIDN B2 2 LIS TH
v . ¥&E Bath K@ Williams 12 X Y Scinece
a5 (2010 4,329 %,p.635) T OWLALH
Iz, BAE, By FRiFREIKTH D,
oz 1T SREA 2 Vv, |iR7Ze SRR 4
{=CiTe Tishchenko B D I Zh LT
% (Synlett,2005,1450), fhizilim, gEH X
K) NEFREAZHNDT I A %E,. A
(X)), Williams(FE[E), KrischeCK[E)
NIRFBEREAZ NS T VXA, 7 U vk
A L TWD D, KRFEEHRISIT—RITK
JESRIED R L < AR AR S~ B & )
HLTWBDOIFHAEE T Krische & Fex D7
N—TIZRB B 5, Fox BIX Tr filtfit 2 Hharaz
ez 1T->CE 0, LLEDORERITHRIE LT
F & » . Chem.Rev. it (2011 % ,111
%,p.1825) ITHEL T\ 5D,

2. WrstoHBY

BREEIZFATD U 72 20 200 A # A Bl SO % B
BT HZ xR, BUEBIL TR EERED
—OTH D, ZDDITHERARIKEREE
AT O B AR SOS DB 21T 5, W
IRBR B AT O Kt & 13 R B RO @

CK—19 (d:m)

JGEEFRT 2 ENB S, ABFZE TIIKFEE
Rtz HAE LT @R, A7y 7o
J = (TRROZZFE) ., RESOHIHE % FHi
fifi 2 7= ORISR 7 BT,

HARWIZ 13 %% B B R 4 R S5 (R il gt % 1
WAL, BT, RFREEHR L OfE SR A
GURAREFI AT — NI, O FHNARAE
Tishchenko )& A MiFtd 5, AT LD
JERE LT R— 83 VAESHRIREET 24
4% catalponol DEMDEKELIT I,

3. #FFED I
KBRS BB E T HRE D A —
RO 3K BB B G K DB G, HEk
iz X 5 7 v R—UfEa. e < EITe T
KRR SN D, BIELZKSHE LTida
HoDALV Ty LfiEER NS N T
a— ok Y 7RIS (] An
Chem. Soc., 2004, 126, 72). E7-[LA. ##H
WEB o7 a—L L 1k TLa—Loh
v 7V 7R (Org. Lett., 2005, 7,
4017) NEBID,

REBBA~OT I35, BAIZX VD
TAVHE A — VBT L L CERSN
7= (Synthesis, 2013, 2134) (% 2).

A, AV F =t o, B —AREAFIT L
T b REEEIZH, catalponol D& LA
#F L 72, Catalponol ITREKZDOH: Eiz kv,
1971 2 ) 9B I XTR OV 0nb
HEE S e KW <, fREVER, R—3 v
A B RARHEVE ] . L-DOPA 353540 i 2k [ 41
RErzHIT R HEFESLTWVD
(Tetrahedron Lett. 1971, 3615), Z#LF
TERARDHBEIT 2010 FED A A AD Kundig
HIZED 1 HOHTH S (Adv. Synth. Catal.
2010, 352, 2306), Fex MKFEEH G A
LT BAREF N A — RRJGT catalponol
DA IR T UL, @R 2R CTHEEY b
KIZFORT v Fra ) I —2E\ND ik
L (X3),

B

Ir,

TsN” NH
OH
H PH - Ph 9
I
+ PhCHO —or +HO
/ KOHfih % oh 2
oH BH t2)

92% ee

OH
: i > I \/]\
‘o )\)\ Irfibif N~
KOH#fifi % +H,0
&H in

(3)

catalponol

Tishchenko Finid 1887 4E1C Claisen (T%

RENTKIETHY , HEZ < OWMENINT
W5, FAITERTET L, &b EE MM
D B 5 Tishchenko X v & #H 45 L 7=
(synlett, 2005, 1450), L2»L. DA &
LTAYIT AT E FOSFHARK
Tishchenko DI BIL 72 h> > 77,



AEL. AV, 2= VT AT e REEICH
WA FRARFE Tishehenko G &S LT,
L, AV 1, 2= T AT REEHKT S
BWHIENE)N- 2720, HEARRIEN K
PtE B Lz,

4. WFZEEE
KBRS EZ WD RE D A — FK
S TCTIRK BB ES & R HE- R FERE A A
JEDEEEIZ X DA — RRISOR% % H
R L7, ARBUSZEFEMR TEIUL, PO 2
IO F =S a LT VT AL E TG
PIEVEE R h g 1 TR CORTRE
W%, AT, —BEE CEBLEf
B XML TARAFEHFET D7 bR
BT 5, ZEMEE CHEAEMELIZ LY, T
K= BRI TT 5, 3 BFEE OETTHE
—BYPEH ORI L7 B 4 R i i o 38 e A

ﬁﬁ@%%?éo_@%I//%ﬂE@W%\

SAREIRICIE T T 5, 2O X DT, ARG

i21@%@%@w>iﬂié&#f b,
i%iiﬁ%ﬁ%%éé&ﬁﬁ@%ﬂﬁ%ﬁ
JUZ WD EE B 70 N B FIE T E 0303,
RA LV METRD,

OH
: (RR) o
PhCHO + ‘ A
H =
OH :
OH

Oxidation Reduction

(o]
@ij Aldol condensatlon
=
[ on

PhCHO

FPFEFAONE LT, TR RaF o
BLUIPF— LR TILF e R E DK
FERAMNE R LTz, BxBatofER, B
) ET DM b, Aldol #Efr. E oSk
i Z 2 KB A BOS D HERINE 62% TG
ITEIT L2 0D, A hTUARA=2: 1

DIREME LTEHIMIIEON, =/ VKD
15%%F - 7=,

OH [o]
H (R,R)-Ir cat. (10 mol %)
CsOH-H,0 (1 eq) Ph
+PhCHO —MMM >
- 3eq THF,30°C,22h -

- OH 62% cis:trans=2:1
ARG T EFIET TITH 729, /xb
T AT R EMIC KB SN D &
%2%%60%:féﬁém®@$%%2\
3 B oD e S i A 2 B PE e SOl B 0 R
ZRFTHZLIC LT, TORET LT E R
TV R — VRO BB A L L TR
WEWEHD Z & C 3 BebE H OE TG EN Z
OV ) RN FEARY E L TR L, BRY
ET BT ) MRBIER 82% (96%ee) THD

NBZENGhoT,
ZITHAXDODEERT VT 8 RORED
Alr— R Z4T o7, 1-F77 75T E R
DOBSTIR 82%UF (98%ee) THEST L 72,
WBI AT HHEFRET VT E ROK
S b IR o VGBI T ROG IR HEST L
oo BIMGREET HHEEFET VT E RO
OGS TIXHBIA 99%ee LLETH SN,
RBARIETIIHWAHEIRIC L D INRNE
X7z, KOtBu DA W25 L M7
REWE 5 27278, CsOH-1L,0 & W54
KHINER L B % 5 2 7=, 723 NaOH, KOH

ERWEGE KIS B IZIEREE O KIS
~LT,
?H (R,R)-Ir cat. (10 mol %) f
CsOH-H,0 (1 eq) Z SAr
OH OH
[ entry Ar temp(°C) vield (%) ee (%)]
1 Ph 30 82 96
2 1-naphthyl 30 82 98
3 4-FCgH, 20 92 98
4 A-CICeH, 30 62 92
5  4-BrCeH, 30 82 96
6  4-MeCgH, 20 69 >99
7 35-Me,CeHs 20 79 >99
ZZ 7T, a, B—ARfAFT VT REHE

\ZH W, catalponol D&KL ARG LT, fEix
BREtORER, 7Ry MET 2 BMEH (2 KOH
Mz, B ET AR ) KN, 87T% DI
ROARFUER 99%ee TH LI,

OH o
H 1) (R,R)-Ir cat. (10 mol %) P
©O ;\)\ THF, 30 °C, 4 h =
+ —_—
g o 2)KOH (1.6 ), 0.5 h .

OH OH
87%, 99% ee

B E TV ) VERBBLNTDT, &
C%% B <o 5 Catalponol HKD7=8

VAL TE S ONLARBRIRAER T 2 MRET L 7o 2R,
B HICKD Pd 2D FrATHR
EBUSEIN T, BT a—VRT & iz
WA, BEYE 935 Catalponol 2% 78% DR
T, epicatalponol % 8 %O)Llyi“cﬁf_o

Q
P PdCl,dppf (5 mol %) \)\
0‘ Z catechol borane (2 2eq)
THF 0°c + epi- Caﬁalpo nol

OH
Cacalpo nol
78%

WIZA YT IVLT B ROSF+HNARHF
Tishchenko InZ st L7-, EEHDO AV 1,
2— VT NT R RiZRtsT v rurz v
F—vEila vEBRT N U AEHWTCHEE
{EBBHZEE TR T 2 HEEZMB LI, Z 0
rricL B EonzAY1,2—Y7 L5 R
ZIEIZH, 53 FNAFE Tishchenko i
ZRRET U, Al BSeE, ISR 2« S
FREFZAT o TR R IR T8% AFINER 91%
THWET AT 7 b EBELNTZ, ZiuZ
R D53 FNAF Tishchenko KGR D %N



BTH b,
9 - 9 j%(
QO Ph Ph TSN H

H 10mol %) , O |

o 78% (91% ee) Ph H

BonNleT 7 NARDOAERA I =X L%
BRI LD, BoNT=T 7 b UAROHKEL
BEDOWREEIT Ty 77 b UAREEBRMESET
THREL., T7 Mo — B4,
E ) ARUVMEEITOD, O 2 FBEOE
JRUUNARELSEEL, B Rafo A F LA
R U, VR CEEASEN TR TRERIC
K OBEIID T 7 b R~ & i Bl i A R
E LT,

5. ERFERCE

UdesEamsa) G 1)
(D Suzuki, T.; Ismiyarto; Ishizaka, Y.;
Zhou, D. Y.; Asano, K.; Sasai, H.
One—Pot Catalysis Using a Chiral Iridium
Complex/Bronsted Base: Catalytic
Asymmetric Synthesis of Catalponol

Org. Lett. 2015, 17, 5176-9.  (&#iH)
DOI:10. 1021/acs. orglett. 5b02480

(Fa%R] Gh1o1h)
O Suzuki, T.,Ir Catalyzed Asymmetric
Tandem Reaction of meso-Diols and
Aldehydes, XXVI International Conference
on Organometallic Chemistry (ICOMC 2014),
Royton Hotel, Sapporro, July 13-18 , 2014
@ Suzuki, T.,Ir Catalyzed Asymmetric
Tandem Reaction of meso-Diols and
Aldehydes, 2™ International Symposium on
C-H Activation, Rennes University, Rennes,
June 30-July 3, 2014
® Suzuki, T.,Ir Catalyzed Asymmetric
Tandem Reaction of meso-Diols, 62™
Symposium on Organometallic Chemistry,
Kansai University, Osaka, September 7-9,
2015

@ Suzuki, T.,Ir Catalyzed Asymmetric
Tandem Reaction of meso—Diols, Pacifichem
2015, Hawaii Convention Center, honolulu,
December 15-20, 2015

® Suzuki, T., Enantioselective multi-
catalytic synthesis of «— benzylidene
—v ~hydroxy-1-tetralone, 17tk
International Symposium on Relations
between Homogeneous and Heterogeneous
Catalysis, Utrecht University, utrecht,
July 12-15, 2015

® Suzuki, T.,Ir Catalyzed Asymmetric

Tandem Reaction of meso—Diols, Chirality

2015, Park  plaza  hotel, Boston,
June28-July 1, 2015
@ Suzuki, T., Catalytic Asymmetric

Synthesis of Natural Products Using Ir
Catalyzed Tishchenko—type Reaction,
Molecular Chirality Asia 2016, Grand Front
Convention Center, Osaka, April 20-22,
2016

® Suzuki, T.,Ir Catalyzed Asymmetric
Tandem Reaction of meso-Diols and
Aldehydes, Late Stage Functionalization
for Synthesis and Medicine, Mathematical
Institute, Oxford, December 5, 2016

©® Suzuki, T., Catalytic Asymmetric
Synthesis of Natural Products Using Ir
Catalyzed Tishchenko—type Reaction, 27"
International Conference on
Organometallic  Chemistry, Convention
Center, Melbourne, July 17-22, 2016

Suzuki, T., Catalytic Asymmetric
Synthesis of Natural Products Using Ir
Catalyzed Tishchenko—type Reaction, 15%
Belgian Organic Synthesis Symposium,
Antwerp University, Antwerp, July 10-15,
2016

(£ Dfh)

==

http://www. sanken. osaka—u. ac. jp/labs/ca
c/

6. WFIERER

(D) W A

$hK  fdtz  (SUZUKI, Takeyuki)
KBRKF: - FEERVAWIIERT « BT
a3 5 10262924

(2) 9oy

J& KX  (ZHOU, Da-Yang)
KBRS« FEERVAWFFEAT « Bh#L
WH7e 8% 5 00324848

g8 ARk (ASANO, Kaori)
KRR - PEERIEWFTEAT - Bh#
Mg a 00311762

(3) HEHENF TR E

e 7280 (SASAL, Hiroaki)
KPR « BESERILRFFEAT « 2id%
WFgeEE 90205831



